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Field of the Invention 



The present invention pertains to a method for detecting HMGI-C or 
HMGI(Y) as a diagnostic marker for benign or malignant tumors using a probe for 
a sample from a patient that recognizes HMGI-C or HMGI(Y). The method 
comprises the steps of (a) contacting HMGI-C or HMGI(Y) from a sample from a 
patient with a probe which binds to HMGI-C or HMGI(Y); and (b) analyzing for 
HMGI-C or HMGI(Y) by detecting levels of the probe bound to the HMGI-C or 
HMGI(Y). The presence of HMGI-C or HMGI(Y) in the sample is positive for a 



benign or malignant tumor. The present invention also pertains to a method for 
detecting antibodies to HMGI-C or HMGI(Y) as a diagnostic marker for benign or 
malignant tumors. The present invention further pertains to a method for treating 
benign and malignant tumors in a patient by blocking the biological activity of 
HMGI-C or HMGI(Y). The present invention still further pertains to a transgenic 
non-human mammal, the germ cells and somatic cells of which contain an 
inactivated HMGI gene sequence introduced into the mammal, or an ancestor of 
the mammal, at an embryonic stage. The present invention also pertains to a 
method for treating obesity in a mammal which comprises reducing the biological 
activity of HMGI genes in the mammal. The present invention further pertains to a 
method for regulating growth and development of adipose tissue in a mammal 
which comprises reducing the biological activity of HMGI genes in the mammal. 
The present invention also pertains to a method for screening candidate compounds 
capable of inhibiting HMGI biological activity. The present invention also pertains 
to a mammal whose genome does not encode for both the functionally active leptin 
gene and the functionally active HMGI genes. 



Description of the Background 



The disclosures referred to herein to illustrate the background of 
the invention and to provide additional detail with respect to its practice are 
incorporated herein by reference and, for convenience, are referenced in the 
following text and respectively grouped in the appended bibliography. 

HMGI Proteins in Adipogenesis and Mesenchyme Differentiation 

Understanding various genes and pathways underlying development 
of multicellular organisms provide insights into the molecular basis of the highly 
regulated processes of cellular proliferation and differentiation. In turn, genetic 
aberrations in control of cell growth lead to a variety of developmental 
abnormalities and, most prominently, cancer (Aaronson, 1991). To pursue 
identification of genes involved in these fundamental biological processes, the 
viable pygmy mutation (MacArthur, 1944) was investigated because it gives rise to 
mice of small stature due to a disruption in overall growth and development of the 



mouse. An insertional transgenic mutant facilitated cloning of the locus (Xiang et 
aL, 1990) and subsequently it was shown that expression of the HMGI-C gene was 
abrogated in three pygmy alleles (unpublished results). 

5 HMGI-C belongs to the HMG (high mobility group) family of 

DNA-binding proteins which are abundant, heterogeneous, non-histone components 
of chromatin (Grosschedl et aL, 1994). HMG proteins are divided into three 
distinct families, the HMG box-containing HMG 1/2, the active chromatin 
associated HMG14/17 and the HMGI proteins (Grosschedl et aL, 1994). At 
10 present, the last family consists of two genes, HMGI(Y) (Johnson et aL, 1988; 
Friedmann et aL, 1993) which produces two proteins via alternative splicing 
(Johnson et aL, 1989) and HMGI-C (Manfioletti et aL, 1991; Patel et aL, 1994). 
A prominent feature of HMGI proteins is the presence of DNA-binding domains 
which bind to the narrow minor groove of A-T rich DNA (Reeves and Nissen, 
15 1990) and are therefore referred to as A-T hooks. Recently, valuable insights have 
been gained into their mechanism and role in transcription (Thanos and Maniatis, 
1992; Du et aL, 1993). The HMGI proteins have no transcriptional activity per se 
(Wolffe, 1994), but through protein-protein and protein-DNA interactions organize 
the framework of the nucleoprotein-DNA transcriptional complex. This framework 
|1 2 0 is attained by their ability to change the conformation of DNA and these proteins 
H are therefore termed architectural factors (Wolffe, 1994). In the well-studied case 

p of HMGI(Y) and the interferon B promoter, HMGI(Y) stimulates binding of NF-kB 

™ and ATF-2 to appropriate sequences and alters the DNA structure which allows the 

two factors to interact with each other and presumably with the basal transcription 
25 machinery (Thanos and Maniatis, 1992; Du et aL, 1993). 

A number of studies have revealed an association between increased 
expression levels of HMGI proteins and transformation (Giancotti et aL, 1987, 
1989, 1993). For example, in chemically, virally or spontaneously derived 

3 0 tumors, appreciable expression of HMGI-C was found in contrast to no detectable 
expression in normal tissues or untransformed cells (Giancotti et aL, 1989). A 
recent study has demonstrated a more direct role for HMGI-C in transformation 
(Berlingieri et aL, 1995). Cells infected with oncogenic retroviruses failed to 
exhibit various phenotypic markers of transformation if HMGI-C protein synthesis 

3 5 was specifically inhibited. 



DNA probes adjacent to HMGI-C were mapped to the distal portion 
of mouse chromosome 10 in a region syntenic to the long arm of human 
chromosome 12 including and distal to band ql3 (Justice et aL, 1990). This 
genomic region is under intensive investigation because it is the location of 
consistent rearrangements in a number of neoplasms, mainly of mesenchymal 
origin (Schoenberg Fejzo et al., 1995). Lipomas, tumors mainly composed of 
mature fat cells, are one of the most common mesenchymal neoplasms that occur in 
humans (Sreekantaiah et al., 1991). Approximately 50% of lipomas are 
characterized by cytogenetic rearrangements and the predominant alteration is a 
presumably balanced translocation involving 12ql4-15 with a large variety of 
chromosomal partners including 1,2,3,4,5,6,7,10,11,13,15,17,21, and X 
(Sreekantaiah et al., 1991; Fletcher et aL, 1993). This variability in reciprocal 
translocations along with duplications, inversions, and deletions of 12ql4-15 in 
these tumors, strongly indicates a primary role of a gene on chromosome 12 in 
lipomas. Furthermore, this gene may play a key role in normal differentiation of 
primitive mesenchyme as not only lipomas, but also uterine leiomyomas (smooth 
muscle tumors), lipoleiomyomas (smooth muscle and adipose components), and 
pulmonary chondroid hamartomas (primitive mesenchyme, smooth muscle, 
adipose, and mature cartilage components) are all clonal proliferations that are 
characterized by rearrangements of 12ql4-15 (Schoenberg Fejzo et al., 1995). 
Interestingly, breakpoints in a lipoma, a pulmonary chondroid hamartoma and 
uterine leiomyomata have been shown to map within a single YAC (Schoenberg 
Fejzo et aL, 1995). 

HMGI Proteins in Mammalian Growth and Development 

The first step in the molecular definition of the pygmy mutation was 
made possible by the isolation of a transgenic insertional mouse mutant at the 
locus, pg TgN40ACha ( X i an g et aL, 1990). A 0.5kb Apal-Apal single copy 
genomic sequence 2kb from the site of transgene insertion was identified (Xiang et 
aL, 1990) and used to initiate a bi-directional chromosome walk on normal mouse 
genomic DNA. The analysis of seven overlapping clones spanning 91kb delineated 
a 56kb common deletion between two informative mutants, pg and pgTgN40ACha 
(Figure 8a). 



The common area of disruption was investigated further for 
candidate transcription units. The technique of exon amplification (Buckler et al., 
1991) was employed to identify putative exons and clones 803 and 5B, in the same 
orientation, produced spliced products (Figure 8b). Their sequence was 
determined (Ausubel et al., 1988) and a comparison to DNA sequence databases 
(GenBank and EMBL) revealed 100% homology to a previously identified gene, 
HMGI-C (Manfioletti et al., 1991) (Figure 8c). The HMGI members have been 
assigned multiple functions (Manfioletti et al., 1991) and recently, have been 
shown to play a critical role in regulation of gene expression as architectural factors 
by inducing DNA conformational changes in the formation of the three- 
dimensional transcription complex (Thanos & Maniatis, 1992; Du, W. et al., 
1993). 

Subsequently, the genomic structure of HMGI-C revealed that the 
gene contains five exons and spans a region of approximately HOkb (Figure 8d). 
Single copy sequences from the 190kb cloned pygmy locus, surrounding and 
including the HMGI-C gene (Figure 8d), were used as probes on Southern blots 
containing DNA isolated from the two informative alleles (Xiang et al., 1990). 
The genomic area encompassing HMGI-C is completely deleted in the transgenic 
insertional mutant pg TgN40ACha (A/A), whereas in the spontaneous mutant pg, 
the 5 f sequences and the first two exons are absent (Figure 8d). 

Misexpression of Disrupted HMGI Proteins in Human Tumors 

Cancer arises from aberrations in the genetic mechanisms that 
control growth and differentiation and ongoing elucidation of these mechanisms 
continues to improve the understanding of mammalian development and its various 
abnormalities. Increasingly, accumulating experimental evidence points towards 
transcriptional deregulation as one of the pivotal events in neoplasia. Many of the 
known transforming retroviral oncogenes, such as v-myc, v-fos and v-myb, are 
homologs of mammalian transcription factors which are normally involved in 
proliferation and differentiation control. Genes that encode for such transcription 
factors are frequently affected by the somatically acquired genetic changes which 
arise stochastically over a lifetime of an organism. These alterations, which can 
either activate expression of the relevant genes or disrupt them to create novel 
fusion proteins, affect transcription networks and initiate cancer. 




One of the transcription factors whose disruption was shown to 
result in tumorigenesis is HMGI-C, which has attracted considerable attention for 
two reasons. First, a series of elegant experiments demonstrated that HMGI(Y) is 
involved in transcriptional regulation and is required for virus induction of the 
human interferon-B gene expression. These obserations were incorporated into a 
novel model in which activation of gene expression is initiated by a higher order 
transcription enhancer complex. This functional nucleoprotein entity termed 
enhanceosome is formed when several distinct transcription factors assemble on 
DNA in a stereospecific manner. Combinatorial mechanisms of the enhanceosome 
formation enable the cell to achieve high specificity of gene activation in response 
to multiple biological stimuli. As an essential component of the enhanceosome, 
HMGI(Y) promotes the assembly of this three-dimensional structure through both 
protein-protein and protein-DNA interactions. The latter activity is mediated 
through the HMGI DNA-binding domains. 

The function of HMGI-C, the other known member of the HMGI 
family, in growth and development control is better understood at the biological 
level. In humans, rearrangements of HMGI-C were linked to the pathogenesis of 
several distinct types of solid tumors. Rearrangements of the chromosomal band 
12ql3-15, consistently found in a wide variety of benign mesenchymal neoplasms, 
disrupt HMGI-C and generate novel chimeric transcripts. In the vast majority of 
the analyzed tumors, these transcripts consist of the HMGI-C DNA-binding 
domains fused to ectopic sequences provided by the translocation partner. 

In the mouse, HMGI-C inactivation produced a dramatic disruption 
of both pre- and postnatal growth, resulting in the pygmy phenotype. Pygmy mice 
exhibit significant growth retardation which is first apparent in midgestation and 
becomes even more pronounced after birth. Adult animals are proportionally built 
and viable but exhibit a 60% weight reduction compared to their wildtype 
littermates. A detailed phenotypic analysis of the pygmy mouse revealed that the 
weight reduction in most of the tissues is commensurate with the overall decrease 
in body weight. Most interestingly, HMGI-C inactivation does not affect the 
growth hormone-insuline-like growth factor endocrine pathway, suggesting that 
HMGI-C functions in a previously unknown growth regulatory mechanism. 
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The molecular basis of the pygmy mutation is not well understood. 
High levels of the HMGI proteins are not required for cell growth per se and 
elevated HMGI expression appear to be associated with the biological state of the 
cell more directly than with its high proliferation rate. Upon transformation with 
5 oncogenic retroviruses, expression of HMGI-C and HMGI(Y) in epithelial cells is 
dramatically increased even though the proliferative capacity of the infected cells 
remains unaffected. Furthermore, analysis of a transformed cell line which 
retained its differentiated phenotype revealed that levels of the HMGI expression 
were significantly lower than in cell lines which lost their differentiation markers as 
10 a result of transformation. Other studies demonstrated that HMGI-C is expressed 
in less differentiated mesenchymal cells but is no longer present in their terminally 
differentiated counterparts. In combination, these results indicate that the function 

Q of the HMGI proteins may be to maintain the undifferentiated cellular state. 

08 



Ijl 15 The diverse set of mesenchymal neoplasms in which HMGI-C is 

j^j frequently disrupted by translocations of 12ql3-15 includes lipomas, uterine 

gpj leiomyoma, pulmonary hamartoma and pleomorphic adenomas of salivary gland. 

Another cytogenetic subgroup which can be identified in this set of tumors is 
characterized by rearrangements at 6p21-23. Intriguingly, HMGI(Y) has 

HI 2 0 previously been localized to this chromosomal area. 

£3 
SI 

yg Translocation Breakpoints Upstream of the HMGI-C Gene in Uterine 

Si Leiomyomata 

2 5 Uterine leiomyomata, also known as fibroids, are the most common 

pelvic tumors in women. Systematic histologic examination of hysterectomy 
specimens has shown a prevalence as high as 77% for these tumors in women of 
reproductive age. Although benign, uterine leiomyomata constitute a major health 
problem as they are associated with abnormal uterine bleeding, pelvic pain, urinary 

3 0 incontinence, spontaneous abortion, premature delivery, and infertility. 

Symptomatic fibroids are the leading indication for hysterectomy, accounting for 
27% of the estimated 680,000 procedures performed annually in the United States. 

Several different consistent chromosomal rearrangements have been 
3 5 identified in uterine leiomyomata, and they suggest involvement of a critical gene 
on chromosome 12 in the pathobiology. A translocation involving chromosomes 



12 and 14, t(12;14)(ql4-15;q23-24), represents one of the most common 
rearrangements, although trisomy 12, inversions and duplications of 12ql4-ql5, 
and translocations of 12ql4-ql5 with chromosomes other than 14 are not 
uncommon. The breakpoint in 12ql4-ql5 in uterine leiomyomata is in an 
intriguing chromosomal region because it is also the location of consistent 
rearrangements in other benign solid tumors, including lipomas and pleomorphic 
adenomas of the salivary gland. Rearrangements of 12ql3-15 have been reported 
in pulmonary chondroid hamartoma, endometrial polyps, epithelial breast tumors, 
hemangiopericytoma, and an aggressive angiomyxoma. These tumors have the 
common properties of being mesenchyme-derived and benign. Therefore, it has 
been hypothesized that a single gene involved in mesenchyme differentiation and 
growth could be responsible for these multiple tumor types. 

H. R. Asher et al. (1995) reported that HMGI-C, an architectural 
factor that functions in transcriptional regulation, is disrupted by rearrangement at 
the 12ql4-15 chromosomal breakpoint in lipomas and suggests a role for HMGI-C 
in adipogenesis and mesenchyme differentiation. 

X. Zhou et al., (1995) shows that the pygmy phenotype arises from 
the inactivation of HMGI-C which function as architectural factors in the nuclear 
scaffold and are critical in the assembly of stereospecific transcriptional complexes. 

SUMMARY OF THE INVENTION 

The present invention pertains to a method for detecting HMGI-C or 
HMGI(Y) as a diagnostic marker for benign or malignant tumors using a probe for 
a sample, or an extract thereof, from a patient that recognizes HMGI-C or 
HMGI(Y), which comprises the steps of: (a) contacting HMGI-C or HMGI(Y) 
from a sample from a patient with a probe which binds to HMGI-C or HMGI(Y); 
and (b) analyzing for HMGI-C or HMGI(Y) by detecting levels of the probe bound 
to the HMGI-C or HMGI(Y), wherein the presence of HMGI-C or HMGI(Y) in 
the sample is positive for a benign or malignant tumor. 



In this embodiment, HMGI-C or HMGI(Y) may be detected. 
The tumor may be mesenchyme-derived and benign, and preferably is uterine 
leiomyomata, lipomas, pleomorphic adenomas of the salivary gland, pulmonary 
chondroid hamartoma , endometrial polyps , epithelial breast tumors , 
hemangiopericytoma, or angiomyxoma, and more preferably is uterine 
leiomyomata, lipomas, or pleomorphic adenomas of the salivary gland. The 
probe may be an antibody. The sample may be a biopsy sample, a urine 
sample, a blood sample, a feces sample, or a saliva sample, and preferably is a 
biopsy sample. The method may be a histological assay, biochemical assay, 
flow cytometry assay, Western blot assay, or solution assay, and preferably is a 
histological assay or a biochemical assay. The method may further comprise a 
positive and negative control sample treated according to the above method to 
assess the level of HMGI-C or HMGI(Y) in a tumor sample and a nontumor 
sample, respectively. 

The present invention also pertains to a method for detecting 
antibodies to HMGI-C or HMGI(Y) as a diagnostic marker for benign or malignant 
tumors using a probe for a sample, or an extract thereof, from a patient that 
recognizes antibodies to HMGI-C or HMGI(Y), which comprises the steps of: (a) 
contacting antibodies to HMGI-C or HMGI(Y) from a sample from a patient with a 
probe which binds to antibodies to HMGI-C or HMGI(Y); and (b) analyzing for 
antibodies to HMGI-C or HMGI(Y) by detecting levels of the probe bound to the 
antibodies to HMGI-C or HMGI(Y), wherein the presence of antibodies to HMGI- 
C or HMGI(Y) in the sample is positive for a benign or malignant tumor. 

In this embodiment, antibodies to HMGI-C or antibodies to 
HMGI(Y) may be detected. The tumor may be mesenchyme-derived and 
benign, and preferably is uterine leiomyomata, lipomas, pleomorphic adenomas 
of the salivary gland, pulmonary chondroid hamartoma, endometrial polyps, 
epithelial breast tumors, hemangiopericytoma, or angiomyxoma, and more 
preferably is uterine leiomyomata, lipomas, or pleomorphic adenomas of the 
salivary gland. The probe may be HMGI-C or HMGI(Y). The sample may be 
a biopsy sample, a urine sample, a blood sample, a feces sample, or a saliva 
sample, and preferably is a biopsy sample. The method may be a histological 
assay, biochemical assay, flow cytometry assay, Western blot assay, or solution 
assay, and preferably is a histological assay or a biochemical assay. The method 
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may further comprise a positive and negative control sample treated according to 
the above method to assess the level of HMGI-C or HMGI(Y) in a tumor 
sample and a nontumor sample, respectively. 

The present invention also pertains to a method for treating benign 
and malignant tumors in a patient by blocking the biological activity of HMGI-C or 
HMGI(Y) which comprises administering to the patient a therapeutically effective 
amount of an inhibitor specific for HMGI-C or HMGI(Y). In this embodiment, 
the biological activity of HMGI-C may be blocked or the biological activity of 
HMGI-(Y) may be blocked. The tumor may be mesenchyme-derived and benign, 
preferably is uterine leiomyomata, lipomas, pleomorphic adenomas of the salivary 
gland, pulmonary chondroid hamartoma, endometrial polyps, epithelial breast 
tumors, hemangiopericytoma, or angiomyxoma, and more preferably is uterine 
leiomyomata, lipomas, or pleomorphic adenomas of the salivary gland. The 
inhibitor specific for HMGI-C or HMGI(Y) may be administered subcutaneously, 
intravenously, or orally, and preferably is administered subcutaneously. 

The present invention also pertains to a method for treating obesity 
in a patient by blocking the biological activity of HMGI-C or HMGI(Y) which 
comprises administering to the patient a therapeutically effective amount of an 
inhibitor specific for HMGI-C or HMGI(Y). In this embodiment, the biological 
activity of HMGI-C may be blocked or the biological activity of HMGI-(Y) may be 
blocked. The inhibitor specific for HMGI-C or HMGI(Y) may be administered 
subcutaneously , intravenously , or orally , and preferably is administered 
subcutaneously. 

The present invention also pertains to a transgenic non-human 
mammal, the germ cells and somatic cells of which contain an inactivated HMGI 
gene sequence introduced into the mammal, or an ancestor of the mammal, at an 
embryonic stage. The inactivated HMGI gene sequence may be an inactivated 
HMGI-C gene sequence, and preferably is the mutant HMGI-C gene set out in 
Figure 10. The mammal may be a rodent, and preferably is a mouse. 

The present invention also pertains to a method for treating obesity 
in a mammal which comprises reducing the biological activity of HMGI genes in 
the mammal. The present invention further pertains to a method for regulating 



growth and development of adipose tissue in a mammal which comprises reducing 
the biological activity of HMGI genes in the mammal. 

In these embodiments, preferably, at least 10% of the biological 
activity of HMGI genes is reduced, more preferably at least 25% of the biological 
activity of HMGI genes is reduced, and most preferably at least 50% of the 
biological activity of HMGI genes is reduced. Preferably the biological activity of 
HMGI-C genes is reduced. Preferably the mammal is leptin-deficient or leptin 
receptor-deficient. The reduction in biological activity of HMGI genes may be 
achieved by inhibiting the expression of HMGI genes which may be carried out by 
administering to the mammal a therapeutically effective amount of an 
oligonucleotide which has a nucleotide sequence complementary to at least a 
portion of the mRNA of the HMGI gene. The reduction in biological activity of 
HMGI genes may be achieved by inhibiting the DNA-binding activity of HMGI 
genes which may be carried out by administering to the mammal a therapeutically 
effective amount of netropsin, distamycin A, or Hoechst 33258 (bisbenzimide). 
The reduction in biological activity of HMGI genes may also be achieved by 
inhibiting the protein-protein interactions of HMGI proteins. The mammal may be 
a human or a rodent such as a mouse. When the mammal is a rodent, the 
biological activity of HMGI may be substantially reduced by breeding the mammal 
with an inactivated HMGI gene sequence introduced into the mammal, or an 
ancestor of the mammal, at an embryonic stage. The inactivated HMGI gene 
sequence may be an inactivated HMGI-C gene sequence, and preferably is the 
sequence of the mutant HMGI-C gene set out in Figure 10. 

The present invention also pertains to a method for screening 
candidate compounds capable of inhibiting HMGI biological activity which 
comprises the steps of: (a) immobilizing a HMGI protein or a fragment thereof on 
a solid surface; (b) incubating the HMGI protein with a candidate compound under 
conditions which promote optimal interaction; and (c) measuring the binding 
affinity of the candidate compound to the HMGI protein or a fragment whereof; 
and (d) determining from the binding affinity which candidate compounds inhibit 
the HMGI biological activity. Preferably, the candidate compound will inhibit 
HMGI biological activity in an amount of at least 10%, and more preferably the 
candidate compound will inhibit HMGI biological activity in an amount of at least 
25%. 
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The present invention also pertains to a method for screening 
candidate compounds capable of inhibiting HMGI biological activity which 
comprises the steps of: (a) transfecting into a cell a DNA construct which contains 
a reporter gene under control of an HMGI protein-regulated promoter; (b) 
administering to the cell a candidate compound; (c) measuring the levels of reporter 
gene expression; and (d) determining from the levels of reporter gene expression 
which candidate compounds inhibit the HMGI biological activity. Preferably, the 
candidate compound will inhibit HMGI biological activity in an amount of at least 
10%, and more preferably the candidate compound will inhibit HMGI biological 
activity in an amount of at least 25 % . 

The present invention also pertains to a mammal whose genome does 
not encode for both the functionally active leptin gene and the functionally active 
HMGI genes. Preferably, the HMGI gene is the HMGI-C gene. 

BRIEF DESCRIPTION OF THE FIGURES 

Figures 1(A) and 1(B) illustrate the genomic structure of the human 
HMGI-C gene. 

Figures 2(A) through 2(F) illustrate FISH mapping of HMGI-C 
lambda clones to lipoma tumor metaphase chromosomes from three lipomas 
revealing rearrangement of HMGI-C in all three tumors. 

Figure 3 illustrates RT-PCR amplification of HMGI-C chimeric 

transcripts. 

^^jgjggre--- 4 illustraS ^i^ ffi a ^m^^^ f_1 I tq1 i in lii miii. li pum au 
w Mol kdi sg^t dfie^IIMGI^C gciitaGiJproduce -e liiiiieric transcripts 

Figure 5 illustrates RT-PCR using primers located on either side of 
the fusion site between HMGI-C and novel sequences. 
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^featr es 6(A) ' and G(D) illu3trate - iiovel se quences fused toth gJ gNA' 
^ bitfdfflg-duiiiai m of - HMGI G which encode tran5 Li ip l io iii il -regulat^^5o^ti^> 

Figure 7 illustrates the structure and domain organization of HMGI- 
C and the predicted fusion proteins. 

Figures 8(A) through (D) illustrate the identification and genomic 
characterization of the HMGI-C gene at the pygmy locus in normal and mutant 
alleles. 

Figure 9 illustrates HMGI-C gene expression of three alleles at the 
mouse pygmy locus. 

Figures 10(A) through(C) illustrate targeted disruption of the HMGI- 

C gene. 

Figures 11(A) through (C) illustrate expression of HMGI-C in 
development and growth. 

Figure 12 illustrates a Northern blot demonstrating that expression 
of the HMGI genes in obesity is dramatically increased. RNA isolated from the 
adipose tissue of two month old mice was used for Northern blot analysis (wt, 
wildtype; od, obese; db, diabetic). 

Figure 13 is a photograph illustrating the phenotypic effects of 
HMGI inactivation in obese mutants. Genotypes of the various progeny are shown 
under the photographs. Prominently, body weight of the leptin-deficient obese 
mice (+/+ ob/ob) is reduced from 80 gram to 25 gram (normal weight) following 
HMGI-C inactivation (pg/pg ob/ob). 

Figure 14 is a bar graph illustrating that HMGI inhibition reverses 
the hyperphagia of obese mice. Figure 14 also shows the effects of genotype on 
food consumption. Daily food consumption is calculated as equal to [weight of 
food at 0 hours] minus [(weight of food at 24 hours) plus (food wasted)] . 



DETAILED DESCRIPTION OF THE INVENTION 

Aberrations in the genetic mechanisms that control growth and 
proliferation have emerged as a primary event in carcinogenesis. The function of 
HMGI-C and HMGI(Y), two embryonically expressed DNA-binding proteins, was 
investigated because their expression is highly associated with tumor development. 
Disruptions of either HMGI-C or HMGI(Y) in humans result in a diverse array of 
solid mesenchymal tumors. Most prominent among these neoplasms are uterine 
leiomyomata, the most common pelvic tumors in women and the indication for 
over 200,000 hysterectomies annually in the United States. In tumors of mammary 
and thyroid glands as well as in prostate cancer, HMGI expression is highly 
correlated with tumor progression and metastasis, suggesting that these proteins can 
be used for as progression markers for a variety of tumor types. 

Further proof for the pivotal role of HMGI proteins in both normal 
and pathological growth was obtained in the mouse system. Homologous 
recombination was used to inactivate murine HMGI-C gene. Demonstrating the 
importance of the HMGI genes in growth regulation, HMGI-C knockout mice 
exhibit significant growth retardation (mutant mice are 60% smaller than their 
wild-type littermates) with the reduction in most tissues commensurate with the 
overall decrease in the body weight. Even more importantly, these pygmy mice 
are highly resistant to chemically induced skin cancer. Specifically, the frequency 
of tumor development in the knockout mice is 40% of that in the control animals 
and tumor multiplicity exhibits a 20-fold decrease. Independently, inhibition of 
HMGI-C synthesis was shown to render thyroid epithelial cells intransigent to 
retroviral transformation. At the molecular level, HMGI proteins function in 
transcriptional regulation by promoting cooperative binding of the transcription 
factors to DNA. Deregulation of the downstream target genes can easily account 
for the important biological roles of the HMGI proteins as well as for the dramatic 
consequences of their inappropriate expression. 

Lipomas are one of the most common mesenchymal neoplasms in 
humans. They are characterized by consistent cytogenetic aberrations involving 
chromosome 12 in bands q 14-15. Interestingly, this region is also the site of 
rearrangement for other mesenchymally derived tumors. The present invention 
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demonstrates that HMGI-C, an architectural factor that functions in transcriptional 
regulation, has been disrupted by rearrangement at the 12ql4-15 chromosomal 
breakpoint in lipomas. Chimeric transcripts were isolated from two lipomas in 
which HMGI-C DNA-binding domains (A-T hook motifs) are fused to either a 
5 LIM or an acidic transactivation domain. These results identify the first gene 
rearranged in a benign neoplastic process that does not proceed to a malignancy 
and suggest a role for HMGI-C in adipogenesis and mesenchyme differentiation. 



HMGI-C is an attractive candidate gene to be implicated in lipoma 
10 formation. This gene is required in transformation (Berlingieri et al., 1995) and is 
a transcriptional regulatory factor as are many genes identified at translocation 
breakpoints in a variety of tumors (Rabbitts, 1994). Secondly, disruption of 
P HMGI-C leads to mice of small stature which, most intriguingly, have 

jjf disproportionately less body fat than normal littermates (Benson and Chada, 1994). 

{jp| 15 Finally, mouse HMGI-C maps to a region syntenic to human 12ql4-15 which is 
^ the area most frequently rearranged in lipomas (Mandahl et al., 1988). Therefore, 

p the human homolog of the mouse HMGI-C gene was cloned and its possible role in 

P lipomas investigated. 

O 

HI 2 0 Growth is one of the fundamental aspects in the development of an 

?H! organism. Classical genetic studies have isolated four viable, spontaneous mouse 

mutants (Green, 1989) disrupted in growth, leading to dwarfism. Pygmy is unique 
^ among these mutants because its phenotype cannot be explained by aberrations in 

the growth hormone-insulin-like growth factor endocrine pathway (Lin, 1993; Li, 

2 5 et al., 1990; Sinha et al., 1979; Nissley et al., 1980). The present invention shows 

that the pygmy phenotype arises from the inactivation of HMGI-C and are critical 
in the assembly of stereospecific transcriptional complexes (Tjian & Maniatis, 
1994). In addition, HMGI-C and the other HMGI family member, HMGI(Y)( 
Johnson et al., 1988), were found to be expressed predominantly during 

3 0 embryogenesis. The HMGI family are known to be regulated by cell cycle 

dependent phosphorylation which alters their DNA binding affinity (Reeves et al., 
1991). Overall, these results demonstrate the important role of HMGI proteins in 
mammalian growth and development. 
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Among the most prominent characteristics consistently exhibited by 
cancer cells are karyotypic aberrations which disturb genes essential for the 
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regulation of fundamental cellular processes. A wide array of solid mesenchymal 
tumors is characterized by recurrent rearrangements of chromosomal bands 12ql3- 
15 or 6p21-23. This study shows that HMGI expression is normally restricted to 
undifferentiated, rapidly dividing cells but is activated in differentiated adipocytes 
following translocations of 12ql3-15 or 6p21-23 in human lipomas. The present 
invention shows that the molecular pathway of tumor development is dictated by 
the precise nature of HMGI disruption and that HMGI misexpression in a 
differentiated cell is a pivotal event in benign tumorigenesis. 

Uterine leiomyomata are the most common pelvic tumors in women 
and are the indication for more than 200,000 hysterectomies annually in the United 
States. Rearrangement of chromosome 12 in bands ql4-ql5 is characteristic of 
uterine leiomyomata and other benign mesenchymal tumors, and a YAC spanning 
chromosome 12 translocation breakpoints was identified in a uterine leiomyoma, 
pulmonary chondroid hamartoma, and lipoma. Recently, it was demonstrated that 
HMGI-C, an architectural factor mapping within the YAC, is disrupted in lipomas, 
resulting in novel fusion transcripts. This study concerns the localization of 
translocation breakpoints in seven uterine leiomyomata 10 to > 100 kb upstream of 
HMGI-C by use of fluorescence in situ hybridization. These findings suggest a 
different pathobiologic mechanism in uterine leiomyomata from that in lipomas. 
HMGI-C is the first gene identified in chromosomal rearrangements in uterine 
leiomyomata and has important implications for an understanding of benign 
mesenchymal proliferation and differentiation. 

Recently, molecular dissection of this chromosomal region has 
substantiated this hypothesis. To identify a gene at the breakpoint on chromosome 
12 in uterine leiomyomata, a high-density physical map of the t(12;14) breakpoint 
region was constructed and identified a YAC, 981fll, that spans the translocation 
breakpoints in a uterine leiomyomata, pulmonary chondroid hamartoma and a 
lipoma. Further detailed characterization showed that the gene for HMGI-C, an 
architectural factor that is a non-histone component of chromatin, maps within 
98 If 11 and is disrupted in lipomas. HMGI-C is rearranged in lipomas with 
chromosome 12 translocations, resulting in novel chimeric transcripts that fuse the 
DNA-binding A-T hook domains of HMGIC with potential transcriptional 
activation domains. 
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Furthermore, there is evidence that HMGI-C plays a role in 
mesenchymal cell proliferation. 

RESULTS 

HMGI Proteins in Adipogenesis and Mesenchyme Differentiation 

Genomic Isolation and Characterization of the Human HMGI-C Gene 

To obtain genomic clones of HMGI-C, DNA from yeast strains 
harboring YACs, yWPR383 and yWPR384 were subcloned into the lambda FIXII 
vector. Because there is extensive conservation (96%) between mouse and human 
HMGI-C homologs (Patel et al., 1994), mouse HMGI-C cDNA fragments 
encompassing all five exons were used as probes on lambda libraries and five 
clones were isolated (Figure 1A). Restriction mapping of lambda clones followed 
by Southern blot analysis allowed identification of various restriction fragments 
containing cross-hybridizing sequences. These fragments were subcloned and 
nucleotide sequence analysis confirmed published data (Patel et al., 1994). The 
first three exons each contain a DNA binding domain encoding the A-T hook motif 
that is characteristic of the HMGI family (Reeves and Nissen, 1990) and exons 4 
and 5 encode the acidic domain of the molecule (Manfioletti et al., 1991) (Figure 
IB). Notably, a large intron (>25kb) between exons 3 and 4 separates the DNA 
binding domains from the remainder of the protein (Figure IB). 

Fluorescence In Situ Hybridization of Lambda HMGI-C Exon Clones to Lipoma 
Metaphase Chromosomes 

Lambda clones from 5 1 and 3' ends of HMGI-C were used as probes 
for FISH to tumor metaphase chromosomes. In lipoma ST90-375 containing a 
t(12;15)(ql5;q24) translocation, lambda clone H403 which contains the 5' end of 
the gene gave a hybridization signal on the der(12), thus mapping proximal to the 
breakpoint. In contrast, lambda clone H4002 which contains a portion of the 3' 
end of the HMGI-C gene, gave a hybridization signal on the der(15) and therefore 
maps distal to the breakpoint (Figure 2). This result is consistent with a disruption 
of HMGI-C due to the t(12;15) in this lipoma. Two other lipomas with 
translocations in 12ql5 were studied, similarly. In ST93-724 containing a 
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t(3;12)(q29;ql5), lambda clone H409 containing the 5' end of HMGI-C hybridized 
to the der(12), while the 3* end clone H4002 hybridized to the der(3) (Figure 2). 
In ST91-198 with a t(12;13)(ql4-22;q21-32), the 5' clone H403 mapped on the 
der(13) suggesting a position distal to the breakpoint. However, from the 3 1 end, 
no hybridization to either derivative chromosome was noted in 20/20 metaphases 
using lambda clone H4002 indicating that this portion of HMGI-C is deleted 
(Figure 2). Therefore, in this tumor, the translocation appears to be proximal to 
HMGI-C with the 5* end of the gene retained but the 3' end deleted. Regardless of 
the chromosomal mechanism which may include a complex rearrangment in ST91- 
198, HMGI-C is disrupted in three out of three lipomas analyzed. 

Identification of Chimeric Transcripts 

The molecular structure of the HMGI-C transcripts in the lipomas 
was next investigated. Total mRNA was isolated (Chirgwin et al., 1979) from 
primary cell cultures of ST90-375 t(12;15) and ST93-724 t(3;12) and 3' RACE 
performed (Frohman et al., 1988). The resulting products were analyzed by 
agarose gel electrophoresis and DNA fragments of size 441 and 627 bp were 
obtained from RNA samples isolated from ST90-375 and ST93-724, respectively 
(Figure 3). These two DNA fragments were purified, subcloned and sequenced. 
In both cases, sequence analysis revealed an in frame fusion of novel sequences to 
HMGI-C. These sequences differed between the two lipomas, and immediately 
followed exon 3 of HMGI-C (Figure 4). 

The presence and specificity of chimeric transcripts in the two 
lipomas were confirmed further by an independent RT-PCR. cDNA was prepared 
from lipoma RNA samples but primers from the novel sequences, instead of oligo- 
dT, were used for the reverse transcription reaction so that only RNA transcripts 
spanning the translocation would result in a PCR amplification product (Figure 5). 
Products of the predicted size were observed only when primers derived from the 
novel sequences were used to reverse transcribe RNA isolated from the 
corresponding cell lines. No products were seen in lipoma RNA from ST90-375 or 
ST93-724 when primers 724 or 375 were used, respectively. 

Finally, the chromosomal origin of the novel sequences was 
determined using DNA prepared from a monochromosomal rodent-human somatic 
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cell hybrid panel. Specific primers were designed for the two novel sequences 
obtained from the lipoma cDNAs. PCR performed on genomic DNA from the 
somatic cell hybrids demonstrated that the novel sequence fused to HMGI-C in 
ST93-724, with a t(3;12), was located on chromosome 3 (Figure 6) and the novel 
sequence from ST90-375, with a t(12;15), mapped to chromosome 15 (Figure 6). 

Novel Sequences Encode for Transcriptional Regulatory Domains 

A detailed computer analysis of the novel sequences from the two 
amplified fusion transcripts demonstrated that they encode putative transcriptional 
regulatory domains. Inspection of the predicted protein sequence from ST93-724 
revealed the presence of two tandemly arrayed LIM domains (Sanchez-Garcia and 
Rabbitts, 1993) separated by the characteristic 8-10 amino acids (Figure 6A). 
These domains are 50-60 amino acid residue motifs which are rich in cysteine and 
histidine and were first identified in three proteins, lin-11, Isl-1 and mec-3 (Way 
and Chalfie, 1988; Freyd et al., 1990; Karlsson et al., 1990). The domain is 
organized into two adjacent zinc fingers separated by a two residue linker 
(Feuer stein et al., 1994) and members of the LIM family of proteins may contain 
one or more LIM domains (Sanchez-Garcia et al., 1993). Many of the LIM- 
containing proteins are transcription factors (Sanchez-Garcia et al., 1993) and their 
activity is thought to be regulated by protein-protein interactions through the ability 
of LIM domains to dimerize (Feuerstein et al., 1994). 

Computer analysis of the novel sequence from ST90-375 did not 
reveal any significant homology with known sequences. Notably, the carboxy- 
terminal end of the predicted protein is highly acidic (pi 4.6) and rich in serine and 
threonine residues. Such domains have been implicated in transcriptional activation 
and have been shown to stimulate transcription from remote as well as proximal 
positions (Mitchell and Tijan, 1989; Seipel et al., 1992). 

Therefore, the predicted domain organization of the wildtype 
HMGI-C and the fusion proteins can be schematically depicted as shown in Figure 
7. In both fusion proteins, the C-terminal domain of the wildtype HMGI-C, which 
does not activate transcription (Thanos and Maniatis, 1992; X.Z. and K.C., 
unpublished data) is replaced by distinct, potential transcription regulation 
domains. These newly acquired functional domains in combination with the A-T 
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hooks of HMGI-C would give rise to unique proteins that may contribute to the 
pathobiology of lipomas. 

HMGI Proteins in Mammalian Growth and Development 

Previous studies (King, J., 1955) had established that the pygmy 
phenotype could be observed at birth. Therefore, RNA from wildtype mouse 
embryos was isolated (Chirgwin, J. et al., 1979) and Northern blot analysis 
revealed a transcript of 4.1kb (Figure 9). As expected from the genomic analysis, 
no detectable HMGI-C expression was observed in the spontaneous and transgenic 
insertional mouse mutants. Additionally, a third allele exists at the pygmy locus 
(Green, M.C., 1989), In(10)17Rk, which carries an inversion of chromosome 10 
and the distal breakpoint is within intron 3 of the HMGI-C gene (data not shown). 
No HMGI-C expression was detected in homozygous embryonic In(10)17Rk RNA 
(Figure 9). Quantitation by phosphorimager analysis revealed that heterozygous 
mice expressed HMGI-C at approximately 50% wildtype levels. Therefore, the 
wildtype allele in the heterozygous mice does not increase its expression levels to 
compensate for the loss of the deleted allele. This is consistent with the pygmy 
mutation being semi-dominant because there is a mild phenotypic effect on 
heterozygous mice (80% the weight of wildtype mice) (Benson, K. & Chada, K., 
1994). Furthermore, HMGI(Y), the only other known member of the HMGI gene 
family (Grosschedl, R. et al., 1994), retained the same levels of expression in the 
mutant and wildtype mice (Figure 9). Therefore, there is no compensation by 
HMGI(Y) for the lack of HMGI-C expression in pygmy mice. 

The mutant alleles described above arise from major disruptions of 
genomic DNA which result in large deletions or a chromosomal inversion. To 
exclude the possibility that a gene other than HMGI-C may be responsible for the 
pygmy phenotype, a mouse null mutant of HMGI-C was produced by targeted 
disruption. Mouse embryonic stem (ES) cells were generated that had 3.0kb of the 
HMGI-C gene, encompassing exons 1 and 2, replaced with a neomycin-resistance 
gene (Figure 10(A)). Matings between mice heterozygous for the mutated allele 
produced mice homozygous for the disrupted allele (Figure 10(B)) at the expected 
Mendelian frequency of approximately 25% (13/51). Immunoblot analysis 
demonstrated an absence of HMGI-C in protein extracts from homozygous 
embryos (Figure 10(C)). Homozygous HMGI-C"'" mice revealed the classical 
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features of the pygmy phenotype which include reduced birthweight, craniofacial 
defects (shortened head) and an adult body weight of approximately 40% (39.8 +/- 
2.9) of wildtype littermates (Benson, K. & Chada, K., 1994). Therefore, it can be 
concluded that absence of HMGI-C expression in mice causes the pygmy 
phenotype. 

Previously, a restricted number of adult tissues were analysed 
(Manfioletti, G. et al., 1991) and established that the endogenous expression of 
HMGI-C could not be detected. Hence, a more comprehensive panel of tissues 
were examined to investigate the temporal and tissue specific expression pattern of 
HMGI-C. Within the sensitivity of Northern blot analysis, HMGI-C expression 
was not detected in 18 adult tissues (data not shown). However, expression of 
HMGI-C was observed during mouse embryogenesis (Figure 11(A)) as early as 
10.5 days post coitum (dpc), but essentially disappeared by 15.5dpc. Remarkably, 
the other family member, HMGI(Y), showed a similar endogenous expression 
pattern (Figure 11(A)) with expression readily observed in 10.5-16.5dpc mouse 
embryos. The predominant expression of HMGI-C and HMGI(Y) during 
embryogenesis suggests this architectural factor family functions mainly in 
mammalian development. 

The analysis of HMGI-C expression was further extended by its 
localization in the normal developing mouse embryo. Expression was observed in 
the majority of tissues and organs during embryogenesis as exemplified by the 
ll.Sdpc mouse embryo (Figure 11(B)). Noticeably, HMGI-C expression was not 
seen in the embryonic brain except in a small, localized region of the forebrain 
(Figure 11(B)). This expression pattern coincides with previous studies which 
demonstrated that most tissues in pygmy mice were 40-50% smaller as compared to 
wildtype tissues and the only tissue of normal size was found to be the brain 
(Benson, K. & Chada, K., 1994). 

To initiate studies on the elucidation of the role of HMGI-C in cell 
growth, embryonic fibroblasts were cultured from homozygous and wildtype 
embryos. Strikingly, the number of pg/pg embryonic fibroblasts was four-fold less 
as compared to wildtype fibroblasts after four days in vitro (Figure 11(C)) and was 
not due to cell death. This data, as well as similar studies in other systems (Ram, 
T. et al., 1993; Berlingieri, M.T! et al., 1995), is consistent with a role for HMGI- 
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C in cell proliferation and suggests that HMGI-C functions in a cell autonomous 
manner. Furthermore, absence of HMGI-C expression in the pygmy mutant would 
then lead to a decrease in cell proliferation and causes the reduced size of all the 
tissues except for the brain. 

Misexpression of Disrupted HMGI Proteins in Human Tumors 

Isolation and Analysis of the Aberrant HMGI Transcripts 

Rearrangements of HMGI-C in human tumors always preserve the 
DNA-binding domains of the protein and the DNA-binding activity of the HMGI 
architectural factors is essential for the enhancer activation. Moreover, sequence 
analysis demonstrated that the DNA-binding domains are completely conserved 
between human HMGI-C and HMGI(Y) (Figure not shown). Therefore, HMGI 
expression was investigated in human tumors with karyotypic abnormalities 
involving chromosomal band 6p21-23. 

Establishment of cell lines is frequently associated with accumulation 
of mutations in vitro. To exclude such artifacts, RNA was isolated directly from 
frozen tumor samples. Lipomas ST92-24269 t(4;6) and ST88-08203 t(6;ll) were 
karyotyped and total RNA was purified from frozen tissues by cesium chloride 
centrifugation. Next, amplification of the HMGI transcripts was performed using 
3 1 RACE protocol. Upon analysis of the resulting reactions by gel electrophoresis, 
aberrant HMGI(Y) products were readily detectable (Figure not shown). At the 
same time, HMGI-C expression was not detected in these tumors (Figure not 
shown). 

The anomalous HMGI(Y) cDNAs were further characterized by 
sequence analysis. In lipoma ST92-24269, the transcript encoded for the 5 ! end of 
HMGI(Y) followed by a novel sequence (Figure not shown). Comparison of this 
latter sequence to the Genbank database revealed that it was derived from the 
3'UTR of wild-type HMGI(Y). PCR analysis of the genomic DNA from tumor 
ST92-24269 determined the transcript was produced by an internal deletion of both 
exonic and intronic sequences (unpublished data) which removed 922 bp from the 
wild-type HMGI(Y) cDNA (Figure not shown). 
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Sequencing of the aberrant transcript in lipoma ST88-08203 revealed 
a fully intact HMGI(Y) open reading frame. A detailed molecular analysis 
demonstrated that this transcript was produced by the removal of 923 bp of the 
wild-type sequence from exon 8 (Figure not shown). Interestingly, the 
rearrangement was limited to the 3'UTR of the gene, leaving the coding sequence 
intact. Therefore, the aberrant transcripts isolated from the lipomas with 
rearrangements of 6p21 are produced by internal deletions within the HMGI(Y) 
gene. The findings in both tumors were confirmed by an independent RT-PCR in 
which an HMGI(Y)-specific reverse primer rather than oligo-(dT) was used for 
reverse transcription and subsequent PCR (Figure not shown). 

In lipoma ST92-24269, the predicted HMGI(Y) fusion protein 
consists of the first two DNA-binding domains of HMGI(Y) fused in frame to an 
uninterrupted open reading frame (ORF) encoding for 108 amino acid residues. A 
detailed examination of the ORF revealed an unusually high content of proline 
(17%) which is indicative of a potential transcriptional regulatory domain (Figure 
not shown). Therefore, the overall structure of this HMGI(Y) fusion protein is 
remarkably similar to proteins produced by disruptions at 12ql3-15 which 
juxtaposed DNA-binding domains of HMGI-C to putative transcriptional regulatory 
domains. 

Translation of the HMGI(Y) aberrant transcript in the tumor ST88- 
08203 predicted a normal protein. In contrast, in previously described lipomas 
chimeric HMGI-C transcripts encoded for novel fusion proteins whose formation 
was proposed to be necessary for lipoma development. To establish whether 
differences in the overall domain organization of the HMGI(Y) and HMGI-C 
fusion proteins found in lipomas are due to the distinct properties of these two 
genes, an additional tumor with HMGI-C rearrangement, lipoma ST91-198 
t(12;15), was analyzed. RNA was isolated from the primary cell culture and 3' 
RACE used to amplify the HMGI-C chimeric transcript (unpublished data). The 
molecular analysis of this cDNA revealed that it preserved the first three exons of 
HMGI-C that encode for the HMGI DNA-binding domains. However, the 
endogenous HMGI exons four and five were removed and replaced by a 
heterologous sequence (Figure not shown). Notably, an in-frame stop codon 
present in this sequence terminates translation of the chimeric transcript after 
adding only ten amino acid residues to the HMGI-C DNA-binding domains. The 
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sequence of the novel peptide did not contain any distinguishing features and 
revealed no significant homology with known proteins. Chromosomal 
rearrangement in tumor ST91-198 therefore results in a truncated protein that 
consists mainly of the HMGI-C AT-hooks. Accordingly, a simple truncation of 
either HMGI(Y) or HMGI-C is sufficient to cause lipomas. 

Lipomas Can Bypass Expression of the Wild-type HMGI Allele 

Expression of the wildtype HMGI proteins is highly associated with 
transformation and can be detected in a wide variety of tumors. Moreover, 
inhibition of HMGI-C synthesis was shown to render several distinct cell types 
intransigent to retroviral transformation, suggesting that HMGI expression is 
required for tumorigenesis. Appreciable levels of wild-type HMGI(Y) expression 
that were found in tumor ST88-08203 (Figures not shown) are in agreement with 
this hypothesis. Surprisingly, the non-rearranged allele was not expressed in 
lipoma ST92-24269 (Figures not shown) where an HMGI(Y) fusion protein was 
identified. 

In lipomas with rearrangements of 12ql3-15, chimeric transcripts 
are produced by the juxtaposition of HMGI-C with the heterologous sequences and 
therefore cannot be readily amplified in the same PCR reaction with the wildtype 
cDNA. To assess the expression of the wild-type HMGI-C in these tumors, the 
highly polymorphic microsatellite sequence located in the 5' UTR of HMGI-C was 
employed. Oligonucleotide primers complimentary to the sequences flanking this 
polypyrimidine tract were synthesized and used for RT-PCR (Figure not shown). 
Again, expression from the non-rearranged allele was only observed in the tumor 
with a truncated HMGI-C. No expression of the wildtype allele but not in the 
lipoma ST93-724, in which HMGI-C DNA-binding domains were fused to LIM 
domains, motifs that function in transcriptional regulation (Figure not shown). 

Differentiated Adipocytes Express HMGI-C in Lipomas but not in Normal Fat 

During development, the expression of the HMGI proteins is tightly 
regulated. HMGI expression is found in the developing tissues and organs of the 
mouse embryo but essentially dissapears by the end of intrauterine development 
and can no longer be found postnatally. To confirm that HMGI expression in 



-25 - 



lipomas is not a consequence of the endogenous HMGI expression by the adult 
adipose tissue, immunocytochemistry was performed with an antibody raised 
against HMGI-C. In full agreement with numerous previous findings which 
demonstrated that HMGI proteins are not expressed by differentiated cells or adult 
tissues, HMGI-C expression could not be detected in the adult adipose tissue 
(Figure not shown). Futhermore, RT-PCR with primers specific for HMGI-C and 
HMGI(Y) confirmed that HMGI genes are not expressed in normal fat 
(unpublished data). However, the majority of differentiated adipocytes in these 
neoplasms stained positively for HMGI-C (Figure not shown). Overall, HMGI-C 
expression was detected in 75% (22 out of 29) of tumors (unpublished data). 

Translocation Breakpoints Upstream of the HMGI-C Gene in Uterine 

Leiomyomata 

FISH analysis was performed on metaphase cells from uterine 
leiomyomata with chromosome 12 rearrangements (Table not shown) by use of 
clones from the 5* and 3' ends of HMGI-C (Figure not shown). In contrast to 
lipomas, where translocation occurs in frame following exon 3, both 5' and 3' 
clones hybridized only, on the rearranged chromosome not derived from 
chromosome 12, in addition to the normal 12 homolog, indicating that the entire 
sequence encoding HMGI-C maps distal to the translocation breakpoint. In two 
uterine leiomyomata with typical t(12,14) translocations (ST90-194 and ST93-738), 
breakpoints mapped within the same lambda clones approximately 10 kb upstream 
of exon 1 of HMGI-C (Figures not shown). These breakpoints were verified by 
Southern blot analysis, a 3.3 kb probe from lambda clone H528 detected 
rearranged bands in both tumors (unpublished data). In ST92-224, a uterine 
leiomyoma with a variant translocation involving chromosome 1, the breakpoint 
mapped within this same region, indicating that this site on chromosome 12 
contains a critical region for rearrangement regardless of the chromosomal origin 
of the translocated material. FISH analysis of ST94-114, another uterine 
leiomyoma with a characteristic t(12;14) revealed a breakpoint approximately 100 
kb 5' of HMGIC. In two other uterine leiomyomata (ST93-165 and ST89-171), 
breakpoints occurred more than 100 kb upstream of HMGI-C as the most 5' 
lambda clone in the contig (H121) is translocated to the der(14) chromosome in 
these tumors. ST89-171 contains two normal chromosome 12 homologs in 
addition to a der(14)t(12;14); therefore, hybridization signals corresponding to 
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three copies of HMGI-C were detected (Figure not shown). Finally, another 
uterine leiomyoma (ST93-220) with an atypical cytogenetic rearrangement in which 
the involved segment of chromosome 12 appeared to be proximal in band ql3 was 
determined by FISH to have a deletion starting approximately 10 kb upstream of 
HMGI-C and extending up to about 100 kb 5' of exon 1 of HMGI-C (Figure not 
shown). 

DISCUSSION 

HMGI Proteins in Adipogenesis and Mesenchyme Differentiation 

In this study, chimeric transcripts were identified from two lipomas 
which resulted from fusion of the 5 f end of the HMGI-C gene to novel sequences 
derived from different chromosomes. Three DNA binding domains containing the 
A-T hook motifs of HMGI-C are linked in these transcripts to sequences encoding 
potential transcriptional regulatory domains. In the case of lipoma ST90-375, the 
novel domain is highly acidic and rich in serine and threonine residues resembling 
the typical activation domains found in transcription factors. In lipoma ST93-724, 
the novel protein contains two LIM domains, motifs that promote protein-protein 
interactions. 

HMGI-C, Chimeric Transcripts and Lipomas 

The chromosomal region 12ql4-15 is hypothesized to contain an 
important gene involved in lipomas because it is the most commonly rearranged 
site (Mandahl et al., 1988). Our study establishes that HMGI-C is the gene 
disrupted in lipomas with chromosome 12 rearrangments. The large intron (greater 
than 25kb) between exons 3 and 4 distinctly separates the DNA-binding from the 
acidic domains of HMGI-C. This provides a substantial target for translocations so 
that the three A-T hook motifs remain intact and confer the DNA-binding 
specificity of HMGI-C to the fusion proteins. 

HMGI-C is a 109 amino acid residue protein (Patel et al., 1994) that 
consists of three DNA-binding domains (A-T hooks) linked to the carboxy-terminal 
acidic domain which does not activate transcription (Thanos and Maniatis, 1992; 
X.Z. and K.C., unpublished data). The two lipoma translocations result in a novel 
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protein containing A-T hooks of HMGI-C at the ammo-terminus fused to 
transcriptional regulatory domains at the carboxy end. The other reported example 
for an A-T hook containing gene implicated in tumorigenesis is MLL (Tkachuk et 
al., 1992; Gu et al., 1992). However, the presence of a putative second DNA- 
binding domain (Ma et al., 1993) derived from the MLL gene and retained in the 
fusion protein obscures the exact contribution of the A-T hooks to tumor 
pathogenesis (Rabbitts, 1994). In these lipomas, the only known HMGI-C 
functional domains retained in the fusion proteins are the A-T hooks. These motifs 
would therefore be responsible for DNA binding specificity of the fusion proteins. 
Although it is possible that simple truncation of HMGI-C is sufficient to cause 
lipomas, a number of studies have determined that both domains of fusion proteins 
are necessary for transforming activity (de The et al., 1991; Kamps et al., 1991; 
Pendergast et al., 1991; May et al., 1993). Therefore, as proposed for other 
fusion proteins, the heterologous sequence in the lipoma fusion proteins would alter 
the biological activity of wildtype HMGI-C and lead to deregulation of downstream 
target genes. 

The above model readily explains how the fusion protein produced 
in lipoma ST90-375 may function. The novel sequence from chromosome 15 
encodes for an acidic peptide rich in serine and threonine residues. These features 
have been observed in a number of transcriptional activation domains (Mitchell and 
Tijan, 1989) including the carboxy-terminal domains of homeobox proteins 
(Hatano et al., 1991) and NF-kB (Schmitz and Baeuerle, 1991). So, the 
acquisition of a transactivation domain by the DNA-binding domains of HMGI-C, 
which normally possesses a transcriptionally inactive acidic domain, can easily be 
reconciled with aberrant regulation of the HMGI-C target genes. In the case of the 
t(3;12) in ST93-724, the fusion protein must operate by a different mechanism to 
deregulate the HMGI-C target genes. The novel sequence from chromosome 3 
encodes for two tandemly arranged LIM motifs. The LIM domain is conserved 
amongst highly diverged species and LIM proteins have been shown to have 
important developmental functions which include patterning (Cohen et al., 1992), 
cell fate decision (Freyd et al., 1990) and differentiation (Way and Chalfie, 1988). 
LIM domain proteins are capable of protein-protein interactions (Sadler et al., 
1992) through dimerization mediated by the LIM domains (Feuerstein et al., 
1994). Therefore, LIM-LIM interactions between the ST93-724 fusion product 
and other nuclear proteins could recruit potential transcriptional regulators to DNA 



-28- 



sequences with a specificity dictated by the HMGI-C A-T hook motifs. 
Deregulation of HMGI-C target genes would then contribute to lipoma 
development. It is interesting to note that the majority of nuclear proteins capable 
of interacting with LIM domains are known to function as transcription factors. 
These include several LIM-homeodomain proteins (Sanchez-Garcia et al., 1993 and 
references within) as well as basic helix-loop-helix proteins shPan-1 (German et 
al., 1992) and TALI (Valge-Archer et al., 1994). While overexpression of LIM 
proteins has been implicated in T-cell lymphomas (reviewed by Sanchez-Garcfa and 
Rabbits, 1993), this is the first example of a LIM domain occurring in a fusion 
product. 

A great heterogeneity in chromosomal partners translocated with 
12ql4-15 is found in karyotypically abnormal lipomas indicating that a large 
number of sequences in the genome can be fused to HMGI-C. The present data 
demonstrate that novel sequences linked to HMGI-C in two lipomas encode for 
distinct domains. This suggests that a number of alternative domains can be placed 
downstream of the HMGI-C A-T hooks and contribute to the pathobiology of 
lipomas. Interestingly, both novel sequences described in this study encode for 
transcriptional regulatory domains. Therefore, the choice of novel sequences in 
chimeric transcripts in lipomas is presumably not arbitrary but does require the 
presence of regulatory transcriptional domains attached to the HMGI-C A-T hooks. 
A similar situation has been observed in the llq23 acute leukemias where the MLL 
gene is translocated with multiple chromosomal partners which mostly encode 
different types of transcriptional regulatory domains (Prasad et al., 1994). This 
could be a general mechanism for tumors where nonrandom rearrangements of a 
specific chromosomal region involve a variety of partners. Chimeric transcription 
factors that promote tumorigenesis would be produced by juxtaposing DNA 
binding domain(s) contributed by the consistently rearranged locus to distinct types 
of transcriptional regulatory domains. 

HMGI-C, Pygmy and Adipogenesis 

The above studies demonstrate that an altered HMGI-C protein is 
involved in the abnormal growth and development of fat cells resulting in lipomas. 
This leads to the possibility that HMGI-C may normally play a role in adipogenesis 
and analysis of the pygmy mouse strongly substantiates this hypothesis. The mouse 
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mutant, pygmy, was found to be a null mutation of HMGI-C due to deletions 
within the gene (unpublished results). The obvious phenotypic characteristics of 
the pygmy mouse are its small stature with most tissues reduced commensurate 
with the overall decrease in weight of the mouse (40% of wildtype). Interestingly, 
one tissue disproportionately reduced in weight is body fat. The fat index, a 
reliable indicator of total fat content relative to body weight (Rogers and Webb, 
1980), is approximately eight times lower in pygmy than in their wild-type 
littermates (Benson and Chada, 1994). The function of HMGI-C in adipogenesis 
could be related to its role in cells undergoing differentiation. It is expressed in 
less differentiated cells but no detectable levels are observed in their terminally 
differentiated counterparts (Vartainen et al., 1988; Giancotti et al., 1987). 
Therefore, lack of HMGI-C expression, as found in the pygmy mouse, could affect 
the differentiation of preadipocytes into mature adipocytes, cells capable of lipid 
storage. This developmental abnormality would lead to a decrease in fat deposition 
and the phenotype observed in the pygmy mouse. The role of HMGI-C in 
adipogenesis and metabolic disorders such as obesity is thus of considerable 
interest. 

HMGI-C Inactivation Results in Reversion of the Obese Phenotype 

The above observations suggested that HMGI genes play a pivotal 
role in the growth and development of fat tissue and that they may be involved in 
obesity as well. To address this latter question, expression of HMGI genes in fat 
tissue obtained from normal and morbidly obese animals was determined. 
Significantly, while HMGI-C expression was absent from fat tissue of normal 
mice, significant expression was readily detectable in RNA isolated from fat of 
obese and diabetic mutant mice, two widely accepted models of obesity (Figure 
12). A similar result was obtained with HMGI(Y) gene, whose expression in 
obesity was dramatically elevated (Figure 12). 

The above experiment demonstrated that expression of HMGI 
proteins in obesity is increased 10 to 100 fold and that HMGI inactivation could be 
used to regulate the amount of adipose tissue in vivo. Therefore, an attempt was 
undertaken to regulate obesity by inhibiting the biological activity of the HMGI 
proteins. The term "HMGI genes" or "HMGI proteins", as used herein refers to 
both HMGI-C or HMGI(Y) genes or proteins, respectively. 
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A classical mouse mutant called obese was selected for this 



experiment. The obese phenotype has previously been well characterized and its 
most prominent characteristic is a pathological weight gain due to an excessive 
food intake (Green, 1989). Mice homozygous for the obese mutation accumulate 
significant amounts of adipose tissue and reach the weight of 80 grams as opposed 
to 25 grams in normal animals. Recently, the gene responsible for the obese 
phenotype has been cloned and was found to produce a hormone secreted by the fat 
cells (Zhang et al., 1994). Leptin, as this protein was called, is thought to be 
involved in the regulation of appetite, and its absence in the obese mutant leads to 
overeating and obesity (Rink, 1994). 



homologous'iW^mbination (Zhou et al., 1995) and the resulting mice werp^bfed 
with the obese mutants. During the experiment, male and fem^p^fnice were 
maintained under alternating 12-h light and dark periods and raemded water and 
food ad libitum. Since both ob/ob and pg/pg animals arp^terile (Green, 1989), 
crosses were carried out in two stages. First, ay&gf+X6b/ + intercross was 
undertaken and the progeny from this cross wereg^notyped using Southern blotting 
and PCR amplification. To screen for obese^-ilmtation, DNA was isolated from the 
mouse tails by standard methods (Sambrpdk et al., 1989) and PCR amplified using 
sense primer 5 ' -C ATTCTGAGTTTpTCC AAGATGC-3 1 and antisense primer 5'- 
GGTCTGAGGCAGGGAGC AGJ2^3 ' . PCR conditions were as follows: 
denaturation at 95 °C for 2 minutes and 30 cycles of amplification at 94 °C for 30 
seconds, 58°C for 30 seconds and 72°C for 30 seconds, followed by a final 
extension for 10 minutes at 72°C. The resulting PCR products were digested with 
Ddel and electrophwesed on 8% poly aery lamide gel. Under these conditions, 
amplification oftJie wildtype allele yields 150 bp products which contains no Ddel 
restriction site^ The ob mutation substitutes T for C in position 369, generating a 
novel Ddel/site. Therefore, digestion of the PCR product from mutant allele 
generate^unique products of 106 and 44 bp. Genotyping of the HMGI-C knockout 
mice Was carried out as described previously (Zhou at al., 1995). The double 
heterozygous animals (pg/+ ob/+) thus identified were intercrossed again and the 
double homozygotes (ob/ob pg/pg) obtained from this second cross were further 
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Surprisingly, inactivation of HMGI-C produced a complete reversal 
of obesity in the leptin-deficient mice (Figure 13). In the absence of HMGI-C, 
pg/pg ob/ob mice did not develop an excess of adipose tissue and their body weight 
stayed at the normal level of 25 grams as opposed to 80 grams in +/+ ob/ob 
animals. A similarly dramatic effect was observed in mice which were 
homozygous for ob mutation but heterozygous for HMGI-C inactivation (pg/ + 
ob/ob). In these animals the amount of fat tissue was significantly reduced and the 
body weight decreased from 80 to 65 grams, even though these animals preserved 
one of the two HMGI-C alleles intact and expressed 50% of the normal HMGI-C 
levels. This result specifically proved that inhibition of HMGI biological activity 
can be used to regulate growth and development of adipose tissue in mammals 
since less than a 100% HMGI inhibition results in a reduction in the amount of fat 
tissue. 

Just as importantly, this reduction in weight was accompanied by a 
decreased food intake in the previously obese animals (Figure 14). Inhibition of 
HMGI-C biological activity resulted in a decrease of food intake from 7.25 grams 
in +/+ ob/ob animals to 3.75 grams in pg/pg ob/ob mice (Figure 14). Therefore, 
the effects of HMGI inhibition are not limited to growth and differentiation of 
adipose tissue but also result in an almost two-fold decrease in daily food intake. 

It is important to consider the effects of HMGI inhibition in another 
mouse mutant called "diabetes" (db). This model of human obesity and diabetes, 
characterized by excessive food intake, increased body weight and elevation of 
blood sugar, results from an inactivating mutation in leptin receptor (Chen at al., 
1996). Therefore, our ability to prevent the detrimental effects of leptin deficiency 
in obese mice via inactivation of HMGI genes indicates that inhibition of HMGI 
biological activity will be beneficial in various disturbances of leptin molecular 
pathway, e.g., mutations of leptin receptor and/or leptin resistance. Significantly, 
resistance to normal or elevated levels of leptin may be an important factor in 
human obesity (Tartaglia et al., 1995). 

In combination, these results conclusively demonstrate the role of 
HMGI genes in obesity and provide proof-of-principle evidence that inhibition of 
the HMGI biological activity can be used to control the growth and development of 
adipose tissue such as occurs in obesity. Inhibition of the HMGI biological activity 
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can also be used to regulate the amount of carcass fat in farm animals if, for 
example, an animal lacking adipose tissue is desired. 

The term "biological activity", as used herein, means the ability of 
HMGI proteins to regulate and promote growth and development of adipose tissue 
or the ability of the HMGI proteins to form transcriptional regulatory complexes 
and regulate transcription of other genes. Such inhibition is effected using the 
conventional means known in the art as described in greater detail in the following 
non-limiting examples. 

Relevance of HMGI Family in Tumors with Rearrangements of 12ql3-15 or 6p21 

Of major importance is the frequent observation of chromosomal 
rearrangements in bands 12ql3-15 in a large group of benign solid tumors. Most 
prominently, these include uterine leiomyomata (Nilbert and Heim, 1990; Rein et 
al., 1991), and pleomorphic adenomas of the salivary gland (Sandros et al., 1990; 
Bullerdiek et al., 1993). Rearrangements of 12ql3-15 have also been reported in 
pulmonary chondroid hamartomas (Dal Cin et al., 1993; Fletcher et al., 1995), 
endometrial polyps (Vanni et al., 1993), epithelial breast tumors (Rohen et al., 
1993), hemangiopericytoma (Mandahl et al., 1993a), chondromatous tumors 
(Mandahl et al., 1989, 1993b; Bridge et al., 1992; Hirabayashi et al., 1992), 
diffuse astrocytomas (Jenkins et al., 1989), parosteal lipoma (Bridge et al., 1995), 
and a giant-cell tumor of the bone (Noguera et al., 1989). Many of these tumor 
types are of mesenchymal origin and it has therefore been hypothesized that a 
single gene associated with growth and mesenchyme may be responsible for these 
multiple neoplasms (Schoenberg Fejzo et al., 1995). Several lines of evidence 
implicate HMGI-C as a strong candidate for such a gene at 12ql4-15. First, 
physical mapping studies have shown chromosomal breakpoints for three of these 
benign tumors (lipoma, pulmonary chondroid hamartoma and uterine leiomyoma) 
to map within a single YAC (Schoenberg Fejzo et al., 1995). This study assigns 
HMGI-C to the translocation breakpoint in lipomas, and chromosomal breakpoints 
in five analyzed uterine leiomyomata as well as a pulmonary chondroid hamartoma 
have been found to reside within 10-100kb of exon 1 of HMGI-C (unpublished 
results). Second, the role of HMGI-C in growth control is apparent because its 
disruption in the pygmy mouse leads to aberrant growth and development. Also, it 
has been shown in vitro that HMGI-C is required for transformation (Berlingieri et 
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al., 1995). Finally, preliminary studies reveal that expression of HMGI-C during 
mouse embryogenesis is restricted mainly to the mesenchymal component of tissues 
and organs (unpublished results). Taken together, these data indicate that HMGI-C 
is highly likely to be the gene disturbed by 12ql4-15 rearrangements in a number 
5 of tumors of mesenchymal origin. 

Nonrandom involvement of 6p21-23 has also been observed in 
lipomas (Sreekantaiah et aL, 1991), pulmonary chondroid hamartomas (Fletcher et 
al., 1992, 1995) and uterine leiomyomata (Nilbert et al., 1990). Interestingly, 
10 HMGI(Y), the other member of the HMGI protein family with a similar structure 
as HMGI-C that includes the three DNA-binding domains, has been localized to 
6p21 (Friedmann et al., 1993). This raises an intriguing possibility that HMGI(Y), 
Q a molecule closely related to, but distinct from HMGI-C, could also be associated 

2 with benign tumors of mesenchymal origin. 

W 15 

W In summary, a disruption of the HMGI-C gene resulting in chimeric 

fl transcripts is a characteristic feature of lipomas. As adipocytes play a key role in 



lipid homeostasis and maintenance of energy balance in vertebrates, an 
m understanding of HMGI-C function in adipogenesis may lead to insights into 

yfl 20 obesity and other metabolic disorders. In addition, the obvious role of HMGI-C in 
normal growth demonstrated by the phenotype of the pygmy mouse and its 
localization at or adjacent to the translocation breakpoints in lipoma, uterine 
^ leiomyoma and pulmonary chondroid hamartoma suggests its fundamental 

involvement in a variety of benign tumors. 
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HMGI Proteins in Mammalian Growth and Development 



The current study demonstrates that the absence of HMGI-C causes 
growth retardation in pygmy mice. Although the precise molecular mechanism 

3 0 remains to be elucidated, the function of HMGI proteins in cell proliferation could 
be regulated during the cell cycle through alteration of their DNA binding ability 
via phosphorylation by the cell cycle-dependent p34cdc2 kinase (Reeves, R. et al., 
1991). Inactivation of the HMGI-C gene would perturb the cell cycle in the 
developing embryo and the resulting disruption of growth would produce the 

3 5 pygmy phenotype. The identification of the pygmy gene as HMGI-C provides 
novel insights into the control of mammalian growth and development and a 



molecular clue to investigate the biochemical nature of the African pygmy 
phenotype (Sinha, Y. et al., 1979) and a multitude of growth hormone-resistant 
human dwarf syndromes (Benson, K. & Chada, K., 1994). 

Misexpression of Disrupted HMGI Proteins in Human Tumors 

HMGI(Y) and HMGI-C, two homologous but distinct members of 
the HMGI family of architectural factors, have now been shown to be disrupted in 
identical tumors. Rearrangements of HMGI-C, first reported in lipomas, were 
later described in other mesenchymally derived neoplasms with translocations of 
12ql3-15. Similar to HMGI-C, disruptions of HMGI(Y) will presumably be also 
responsible for uterine leiomyoma, pulmonary hamartoma, pleomorphic adenomas 
of salivary gland and other mesenchymal tumors with recurrent aberrations at 
6p21-23. 

Rearrangements within HMGI Genes are Required for Lipoma Development 

In combination with previous studies on HMGI(C) and HMGI-Y, it 
is now possible to glean novel insight into the molecular mechanism of tumor 
formation in lipomas and, by extrapolation, in related solid mesenchymal 
neoplasms. HMGI-C does not behave as a classical transforming oncogene since 
overexpression of full-length HMGI-C cDNA does not result in tumorigenesis. On 
the other hand, in all twelve analyzed lipomas, chromosomal rearrangements have 
produced disruptions in translocated HMGI alleles. While expression of an HMGI 
gene is necessary for tumorigenesis, activation of an intact HMGI allele in a 
mesenchymal cell will not be sufficient to produce a tumor. Therefore, disruptions 
within HMGI genes and the aberrant structure of the resulting cDNA are required 
for lipoma development. 

A variety of the HMGI chimeric transcripts can be found in lipomas. 
The comparison of these aberrant cDNAs demonstrates that rearrangements can 
range from a simple internal deletion to protein truncation to juxtaposition of 
transcriptional regulatory domains to HMGI DNA-binding domains. An aberration 
common to these twelve lipomas is a deletion of or within highly conserved and 
unusually large and 3'UTR of an HMGI gene. The best example is lipoma ST88- 
08203, where the aberrant transcript codes for the wild-type HMGI(Y) and the 
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deletion is limited to its 3* UTR. Since translocations of 12ql3-15 which disrupt 
3'UTR of HMGI-C while preserving its ORF are also observed in leiomyoma and 
pleomorphic adenoma of salivary gland, 3'UTRs of HMGI genes may contain 
important regulatory sequences that function in growth regulation and/or tumor 
suppression. 

Notably, the aberrant transcripts isolated from lipomas with 
rearrangements of 6p21-23 were generated by internal deletions within the 
translocated HMGI(Y) allele. This observation suggests that in lipomas and related 
benign mesenchymal tumors, HMGI genes may contain internal deletions and other 
submicroscopic rearrangements undetectable by cytogenetic techniques. It is likely 
therefore that the contribution of the HMGI genes to tumorigenesis is more 
significant than predicted by karyotypic analysis. 

Misexpression of HMGI genes in a Differentiated Cell Results in Tumorigenesis 

To understand the biological function of the HMGI proteins, it is 
important to analyze their expression profiles during both normal and pathological 
growth. Prominently, high levels of the HMGI expression are observed during 
mouse embryonic development in midgestation but it essentially dissappears closer 
to the end of pregnancy. Subsequently, no HMGI expression can be detected in 
any of the adult tissues. Lipomas are composed of mature adipocytes which, like 
other terminally differentiated cells, normally do not express HMGI proteins. 
However, transcriptionally active HMGI alleles are consistently found in solid 
mesenchymal tumors with rearrangements of 12ql3-15 and 6p21-23. 
Rearrangements of 12ql3-15 or 6p21-23 activate an HMGI allele normally silent in 
adult cells and the resulting misexpression of the HMGI protein in the context of a 
differentiated mesenchymal cell is a crucial step in tumor development. A notable 
feature of this mechanism stems from the observation that during mouse 
embryonigenesis, HMGI-C is expressed in the mesenchymal component of the 
developing organs and tissues (unpublished data). Tumorigenesis in this case 
results from the temporally inappropriate expression in an adult cell of a gene that 
is normally expressed during prenatal development in an embryonic cell of the 
same lineage. This is reminiscent of observations in B-cell leukemias where 
rearrangements of 8q24 chromosomal area activate c-myc expression in a precursor 
cell of B-lineage and result in neoplasia. Unlike the HMGI family members, 
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however, the endogenous expression of c-myc is not restricted to embryogenesis 
and its inappropriate expression takes place at the same time in the life of the 
organism when it is normally expressed. Even more different is a situation in some 
of the T-cell acute lymphoid leukemias where the cause of neoplasia is ectopic 
expression in T-cell precursors of HOX11, normally expressed in the embryonic 
liver. 

Distinct Molecular Pathways of Tumorigenesis Exist in Lipomas 

The molecular analysis of the lipomas described above yields 
valuable information about the expression state of the non-rearranged HMGI 
alleles. Wildtype HMGI expression, normally associated with tumorigenesis, was 
readily detectable in lipomas ST88-08203 and ST91-198, where chromosomal 
rearrangements produced an apparently normal HMGI(Y) and a truncated HMGI-C 
proteins, respectively. In contrast, the non-rearranged HMGI allele was not 
expressed in tumors ST92-24269 and ST93-724, where the aberrant HMGI 
transcripts were predicted to encode fusion proteins consisting of the HMGI DNA- 
binding domains fused to putative transcriptional regulatory domains. 

The above findings indicate that there are at least two distinct 
molecular pathways by which tumorigenesis in lipomas can proceed. When a 
chromosomal rearrangement produces a disrupted HMGI protein with no intrinsic 
transcriptional activity, tumor development is dependent upon subsequent activation 
of the non-rearranged allele. However, the requirement for wildtype HMGI 
expression can be circumvented when, as a result of a translocation, a 
transcriptional regulatory domain is juxtaposed to the HMGI AT-hooks. The 
unlikely alternative mechanism, in which the non-rearranged allele is activated by 
the fusion protein through a positive HMGI regulatory mechanism, would postulate 
that such autoregulatory function is inhibited in the presence of transcriptional 
regulatory domains. Therefore, we conclude that distinct rearrangements of a 
single gene can activate alternative molecular pathways of tumor pathogenesis. 

Molecular analysis of HMGI rearrangements in multiple tumor 
samples can now be combined with the expression studies of both disrupted and 
non-rearranged alleles to produce a mechanistically coherent model of lipoma 
development (Figure not shown). Tumor development is initiated when the 
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chromosomal rearrangement disrupt an HMGI allele and results in the HMGI 
misexpression in a differentiated mesenchymal cell. Deletion within 3' UTR is 
probably the minimal rearrangement necessary for tumor formation. Subsequently, 
one of the alternative tumorigenic pathways is selected based on the precise nature 
of the HMGI disruption. In the simplest model, the requirement for HMGI 
expression in tumorigenesis could be circumvented if HMGI DNA-binding domains 
are juxtaposed with a transcriptional regulatory domain (Figure not shown). The 
reduced number of events involved in tumor formation would readily explain the 
most frequently observed translocation in lipomas, t(3;12)(q29;ql5), since it fuses 
DNA-binding domains of HMGI-C with LIM domains, motifs that are thought to 
function in transcriptional regulation. 

The HMGI Proteins Play Different Roles in Tumors of Epithelial and 
Mesenchymal Origin 

Benign tumors, unlike their malignant counterparts, are 
characterized by a limited number of highly specific genetic alterations involving 
only a few chromosomal regions. It was proposed therefore that the molecular 
analysis of these neoplasms would identify genes of major importance for growth 
and proliferation. The above studies with HMGI(Y) and HMGI-C in lipomas 
demonstrate that misexpression of HMGI proteins plays a significant role in the 
development of a diverse array of human solid tumors. Clinically, a prominent 
feature of these benign mesenchymal tumors is the extremely low rate at which 
they convert to malignancy. Indeed, uterine leiomyomas progress to become 
leiomyosarcomas in less than 0.01% of the cases while conversion of lipoma to 
liposarcoma is even less frequent. Therefore, misexpression of HMGI proteins, 
while acting to increase the growth rate of the mesenchymal cells, does not seem to 
predispose the overproliferating cell to malignant transformation and may even play 
a protective role. 

The apparent inability of the HMGI-expressing benign mesenchymal 
tumors to undergo malignant conversion is in a stark contrast with the situation 
seen in the tumors of epithelial origin. In these latter neoplasms, cellular 
hyperproliferation provides starting population for clonal expansion which, in turn, 
is followed by a stepwise progression to malignancy. Even more intriguingly, 
epithelial cells cannot be transformed by overexpression of HMGI-C while 
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chromosomal rearrangements which could disrupt HMGI-C and HMGI(Y) are not 
found in tumors of the epithelial origin. Finally, in epithelial tumors activation of 
HMGI expression is associated with the advanced stages of carcinogenesis rather 
than with early hyperplasia. The asynchrony between the expression patterns of 
HMGI proteins in epithelial and mesenchymal cells as well as distinct phenotypes 
of the relevant tumors indicate that in tissues of different embryonic lineage HMGI 
proteins perform dissimilar functions. 

One possible explanation for this phenomenon is provided by the 
fact that HMGI proteins normally function in the developing mesenchyma. The 
role of HMGI proteins in mesenchymal tumorigenesis may therefore be closely 
related to that during normal development, such as growth rate regulation. In the 
epithelial tumors, the HMGI architectural factors, expressed outside of their normal 
cellular milieu, may be recruited to take part in the transcriptional regulation of 
genes that are involved specifically in the final stages of tumor progression, such as 
invasion and metastasis. Regardless of the molecular details, the ability of HMGI- 
C and HMGI(Y) to execute distinct functions during tumorigenesis in diverse cell 
types provides a powerful testimony to the biological potency of the HMGI 
proteins and accounts for the dramatic consequences of their disruption. 

Translocation Breakpoints Upstream of the HMGI-C Gene in Uterine 

Leiomyomata 

Translocation breakpoints in uterine leiomyomata reported here are 
in stark contrast to those observed in lipomas and other benign mesenchymal 
tumors in which translocations are found within the coding region of HMGI-C. 
Unlike the findings in uterine leiomyomata rearrangements in lipomas consistently 
result in disruption of HMGI-C, whereby DNA-binding A-T hook domains are 
separated from the 3 f region of the gene. Because HMGI-C has no transcriptional 
activation domain (unpublished data), the pathobiology of lipomas appears to result 
from juxtaposition of direct or indirect activation domains with the DNA-binding 
A-T hook domains, although an alternative explanation of truncation of the protein 
cannot be ruled out at present. 

These studies of uterine leiomyomata suggest a completely different 
molecular mechanism because the entire gene appears to be retained, suggesting 
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that both the 5 1 DNA-binding domain and the 3 f domain of unknown function are 
necessary. The finding that chromosomal rearrangements were located 10 to > 100 
kb upstream of HMGI-C in seven uterine leiomyomata suggests that breakpoints 
might disrupt regulatory elements and alter the normal expression of HMGI-C, 
analogous to Burkitt lymphoma, where translocations up to 100 kb upstream of 
MYC result in aberrant expression and neoplasia. 

This "regulatory hypothesis" is supported by cytogenetic and FISH 
results for the karyotypically variant uterine leiomyoma ST89-171. In this tumor, 
three copies of HMGIC were present, suggesting a dosage mechanism for altered 
expression levels. Additionally, loss of the der(12) chromosome in ST89-171 
provides further evidence that the der(14) chromosome, to which HMGI-C maps, 
contains the critical sequence. 

This observation of an interstitial deletion upstream of HMGI-C in 
one uterine leiomyoma with a variant rearrangement of chromosome 12 is 
important for the cytogenetic and molecular interpretation of rearrangements in 
uterine leiomyomata and other tumors. This finding implies that uterine 
leiomyomata with unusual cytogenetic rearrangements of chromosome 12, and 
possibly other mesenchymal neoplasms without microscopically detectable 
chromosome 12 rearrangements, may have submicroscopic rearrangements of a 
critical region upstream of HMGI-C. Characterization of HMGI-C expression in 
uterine leiomyomata of all cytogenetic subgroups is now warranted for a more 
complete understanding of the pathobiologic mechanism. 

Furthermore, this interpretation of a mechanism for dysregulation of 
HMGI-C in uterine leiomyomata is substantiated by observation of a rearrangement 
in a fibroid involving chromosomes 8 and 12 in which the 3 f UTR of HMGI-C is 
disrupted. Such a rearrangement results similarly in retention of the entire coding 
region of HMGI-C, a finding previously noted in variant translocations in Burkitt 
lymphoma. However, this translocation breakpoint mapping in uterine 
leiomyomata and the deregulation model differ largely from that reported by others 
in which intragenic breakpoints were found for some fibroids perhaps reflecting the 
relatively limited number of tumors analyzed. Alternatively, although there are no 
data to support the existence of alternative 5 f exons of HMGI-C or other 
uncharacteristic genes in the region, such possibilities, which might be affected by 
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chromosomal rearrangement and contribute to tumor biology, cannot be excluded. 
Regardless, a mechanism of dysregulation not involving a fusion transcript must 
be considered for tumors without intragenic rearrangements of HMGI-C because 
irrefutable data implicate HMGI-C as the critical gene in benign mesenchymal 
tumors with rearrangements of 12ql4-15. 

These findings are consistent with accumulating evidence for a 
primary role of HMGI-C in normal growth and differentiation of a variety of 
tissues. Besides expression of fusion transcripts in lipomas and other benign 
mesenchymal tumors and in mesenchymal components of tissues in the developing 
mouse embryo, expression of HMGI-C is found only in cells after they become 
transformed and has been found to be necessary, but not sufficient, for 
transformation. These studies indicate that HMGI-C also may be deregulated 
through translocation in uterine leiomyomata without involvement of a fusion 
transcript. 



The present invention is further illustrated by the following examples 
which are not intended to limit the effective scope of the claims. All parts and 
percentages in the examples and throughout the specification and claims are by 
weight of the final composition unless otherwise specified. 



Examples 



HMGI Proteins in Adipogenesis and Mesenchyme Differentiation 

The GenBank accession numbers for the novel sequences in the 
chimeric transcripts from ST90-375 and ST93-724 are U28131 and U28132, 
respectively. 



Isolation of YACs at the Human Pygmy Locus 

"co nserved fragments we r e - isolated from the - cloned, mouse 



±IattyrcoTE 
ng et al., 



pygmy locus (Xiang et al., 1990; K. Benson and K : C s- jii^abnsHed observations) 
and were used as probes on a normal, humajjJaniBSagenomic library (Sambrook et 
al., 19S9).^^^^^^^ybri^^^c^nes were isolated and relevant homologous 
' fr^5^^ ^^&e~^6§^^l «iud juijoenced: Specific oligonucleotide primcra ^ 
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- 5 ' -AGGGG AC AACAAATGCCCAC AGG ~ 



and 



r( sequence 

CGTCACCAGGGACAGTTTCACTTGG) were syntlieskK*^^ a 
human total genomic YAC libraty_by^tbe--PC^based method (Green and Olson, 
1990). FourjMJsitive^cIones of Saccharomyces cerevisiae containing YACs 



Construction and Screening of Phage Libraries 



few 

m 



High molecular weight DNA was isolated from yeast strains 
10 harboring YACs yWPR383 and yWPR384 (Guthrie and Fink, 1991), and partially 
digested with Sau3A. After partial fill-in of the Sau3A site, DNA was subcloned 
at the partially filled Xhol site of the predigested lambda FIXII vector (Stratagene, 
La Jolla, CA) and packaged in vitro (GIGAPACK II packaging extract, 
Stratagene). To select clones derived from the human YACs, 6000 plaques from 
15 each library were probed with total human genomic DNA and hybridizing plaques 
Pi were spotted on plates inoculated with SRB(P2) cells in a gridded array. After 

jji incubating the plates at 39°C for 12 hours, plaques were transferred onto 

31 DURALON (Stratagene) membranes. These grids were used for identifying 

JL s lambda clones that contained human HMGI-C exons by probing with mouse 

y| 2 0 HMGI-C cDNA (unpublished results), using the same hybridization conditions as 
W detailed below for Southern analysis. Overlaps between contiguous clones and 

colinearity with the genome were confirmed by a combination of clone to clone and 
% A clone to genomic hybridizations along with restriction mapping. 



2 5 Southern Blot Analysis 

10-12 mg of human DNA was digested with the appropriate 
restriction enzymes, products resolved on 0.8% agarose gels and transferred onto 
DURALON (Stratagene) membranes. Blots were treated with prehybridization 

3 0 solution (50% formamide, 5x SSC, lOx Denhardt's solution, 0.05M sodium 

phosphate pH 6.8, 0.001M EDTA, 0.01 mg/ml denatured salmon sperm DNA, 
and 0.2% SDS) for 2 hours at 42°C. Probes were added to the hybridization 
solution (50% formamide, 5x SSC, lx Denhardt f s solution, 0.02M sodium 
phosphate pH 6.8, 0.001M EDTA, 0.01 mg/ml denatured salmon sperm DNA, 
35 0.2% SDS and 10% dextran sulfate) and hybridization was performed for 16 hours 
at 42°C. Membranes were washed with 2x SSC, 0.001M EDTA, 0.5% SDS, 
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0.05% NaPPi and 0.01M sodium phosphate pH 6.8, at 65°C for 3 x 1 hour 
periods and exposed to X-ray film at -70°C with intensifying screens. 



Identification and Characterization of Chimeric Transcripts 
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anchored oligo-dT primer 5 ' -GC A AT ACG ACTC ACT AT AG(T) j 3 and Supers^ 
II RT reverse transcriptase (BRL, Gaithersburg, MD) accordipg^fc the 
manufacturer's protocol. Primers used in the first round of 3' RA£$s(Ausubel et 
al., 1989) were an HMGI-C exon 1 sejH^ primer 5'- 
CTTCAGCCCAGGGACAACC and an antisense ^sfciapter primer 5'- 
GC AATACGACTC ACTATAG . One ml of first-straji^cDNA was combined with 
25 pmole of sense primer in a 50 ml reaction mixfrfre (60 mM Tris-S04 (pH 9.1 at 
25°C); 18 mM (NH 4 ) 2 S0 4 ; 2 mM MgSO^e^h dNTP at 200 mM; 2.5 U of Taq 
DNA polymerase (BRL)), denatured iop/l minutes at 94°C and subjected to 5 
cycles of linear amplification (Rothei^ / 1992) using the following conditions: 94°C, 
30 seconds; 58°C, 20 second^72°C, 1 minute 30 seconds. Ten pmole of 
antisense primer were then ajWed and 25 cycles of exponential amplification were 
performed (94°C, 30 sedetfids; 56°C, 30 seconds; 72°C, 1 minute 30 seconds). 
One ml of the PCR r^dtion was reamplified for 20 cycles with a nested HMGI-C 
sense primer spatfflmg exon 1 and 2, 5 ' -GGAAGC AGC AGC AAGAACC as 
described above^/Five ml of each reaction were analyzed on a 1.5% agarose gel. 
Reverse transcription for the detection of chimeric transcripts using novel 
sequence-specific primers was performed as above except primers 375 (5'- 
CTTCT^TCTCTGCCGCATCG) for ST90-375 and 724 (5'- 
GTG^GGATGATAGGCCTTCC) for ST93-724 were used. Subsequent PCR 
conditions were an initial denaturation at 94°C for 2 minutes; 30 cycles at 94°C, 
seconds; 58°C, 30 seconds; 72°C, 1 minute, followed by a final extension for 



Chimeric transcripts amplified by 3* -RACE and RT-PCR were 
isolated from the gel, blunt-end cloned by standard methods (Sambrook et al., 
1989) into the pCR-Script vector (Stratagene) and sequenced using the Sequenase 
kit Version 2.0 (USB, Cleveland, OH). 
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Chromosomal Localization of Novel Sequences 




JIGRTS m o n o cliiuniosomal somatic cell hybiiJ mapping p ane l- 
#2 was obtaiiied^from the Coriell Cell Repositories (Coriell InstimteJoj^J^edicS" 
Research, Camden, NJ). Primers used were derived from th£-fK5vel sequences of 
the chimeric transcripts and 500 ng of genomic DK^ffom each somatic cell line 
was used as a template for PCR amplificatipn^For the novel sequence derived 
from the chimeric transcript obtained Jj#m lipoma ST90-375, the primers were 5'- 
C AGAAGC AGACC AGC AAA^G^^and 5 ' -CTTCTTTCTCTGCCGC ATCG and 
from lipoma ST93-724, Ae^rimers were 5 1 -CTCTGGAGC AGTGC AATGTG and 
5'-GTGAGGATGA3^6gCCTTCC. PCR conditions for the ST93-724 novel 
sequence prim^were 26 cycles of 94°C, 15 seconds; 64°C, 30 seconds; 72°C, 1 
mmute^xFor ST90-375, the same conditions were used except that the annealing 

4©f 



Tumor Cell Lines and Chromosome Preparations 



Lipoma specimens were obtained from patients at the time of 
surgery. Tumor culture, metaphase chromosome harvesting, slide preparation, and 
trypsin-Giemsa banding were performed as described previously (Fletcher et al., 
1991). Metaphases with rearrangements of chromosome 12 in band ql5 were 
identified and corresponding cell pellets stored in fixative at -20°C were used to 
prepare slides for FISH. These slides were stored at room temperature for at least 
10 days prior to hybridization. 

Lambda clones shown in Figure 1 were mapped to lipoma tumor 
metaphase chromosomes from ST90-375 [46,XX,t(12;15)(ql5;q24)], ST91-198 
[46,XX,t(12;13)(ql5;q21-32)], and ST93-724 [46,XX,t(3;12)(q29;ql5)] 
Karyotypes for lipomas ST90-375 and ST91-198 have been reported previously 
(Fletcher etal., 1993). 



FISH with Lambda Clones 



Slides for FISH were prepared as recommended in the Hybridization 
Kit (Oncor, Gaithersburg, MD) except for denaturation at 68°C for 30 seconds. 
Lambda probes were labeled with digoxigenin-ll-dUTP (Boehringer Mannheim, 
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Indianapolis, IN) using 1 mg of the appropriate lambda DNA using dNTPs 
obtained from Boehringer Mannheim and the DNase I/DNA polymerase I mix 
from the BioNick Labeling System (BRL). Labeling reactions were performed at 
16°C for 2 hours. 500 ng of digoxigenin-labeled lambda probe was lyophilized 
with 5 mg of Cot-1 DNA (BRL) and resuspended in 20 ml deionized water. 2 ml 
of resuspended probe was added to 9 ml Hybrisol VI (Oncor). The lambda probe 
was denatured, hybridized to slides, and washed according to standard protocols 
(Oncor). Digoxigenin-labeled lambda clones were detected using the fluorescein- 
labeled antidigoxigenin antibody (Oncor) according to the manufacturer's 
recommendations. Metaphase chromosomes were counterstained with 4,6- 
diamidino-2-phenylindole-dihydrochloride (DAPI) according to the protocol 
supplied by Oncor. Hybridization was observed using a Zeiss Axioskop 
microscope and images captured with the Cyto Vision Imaging System (Applied 
Imaging). 

Figures 1(A) and 1(B) illustrate the genomic structure of the human 
HMGI-C gene. Figure 1(A): 403, H409, H5003, H1001 and H4002 are genomic 
lambda FIXII clones (see Materials and Methods) that contain the five exons (El - 
E5) of the human HMGI-C gene. Figure 1(B): Exons are denoted by boxes and 
introns by a line. Overlapping lambda clones were not obtained within intron 3 
and this region is denoted with a dashed line. Sequences encoding potential 
functional domains, AUG and UAG codons are shown in the exons. The A-T 
hook motifs of the DNA-binding domains are shown as stippled areas and the solid 
region (in E5) encodes for the acidic domain of unknown function. The Figure is 
not drawn to scale because of the large 5' and 3 1 UTRs. 

Figures 2(A) through 2(F) illustrate FISH mapping of HMGI-C 
lambda clones to lipoma tumor metaphase chromosomes from three lipomas 
revealing rearrangement of HMGI-C in all three tumors. The normal chromosome 
12 homologs provide internal positive hybridization controls and are marked by 
yellow arrows in each metaphase, while derivative chromosomes are marked by 
red arrows. Lambda clones H403 and H409 from the 5' end of HMGI-C were 
used as FISH probes to lipoma metaphase chromosomes from Figure 2(A) ST90- 
375 and Figure 2(C) ST93-724, respectively. Note hybridization on the normal 
chromosome 12 and the der(12), demonstrating that these clones map proximal to 
the breakpoint in both lipomas. In contrast, when H403 was hybridized to lipoma 



metaphase chromosomes from Figure 2(E) ST91-198, hybridization was observed 
on the der(13) showing a map position distal to the breakpoint in this tumor. 
H4002 from the 3 ' end of HMGI-C was used as a FISH probe to lipoma metaphase 
chromosomes from Figure 2(B) ST90-375 and Figure 2(D) ST93-724; note 
hybridization on the normal chromosome 12 and the der(15) or der(3), 
respectively, indicating that these clones map distal to the breakpoint in both 
lipomas. However, FISH with H4002 from the 3' end of HMGI-C on Figure 2(F) 
ST91-198 revealed hybridization on the normal chromosome 12 only, suggesting 
this clone is deleted from either der (12) or der(15) in this tumor. Metaphase 
spreads were counterstained with DAPI. Lipoma karyotypes are: ST90-375, 
t(12;15)(ql5;q24); ST93-724, t(3;12)(q29;ql5); ST91-198, t(12;13)(ql5;q21-32). 

Figure 3 illustrates RT-PCR amplification of HMGI-C chimeric 
transcripts. 3' RACE on RNA from lipomas ST90-375 (375) and ST93-724 (724) 
yield 441 bp and 672 bp products. Reverse transcription was performed with an 
oligo-dT primer linked to an adapter sequence and was followed by a nested PCR 
with sense primers from exon 1 and spanning exons 1 and 2. DLD-1 is a 
colorectal adenocarcinoma cell line that expresses wild-type HMGI-C (data not 
shown) but under these conditions, the predicted 3.1 kb wild-type message was not 
amplified. Products were analyzed on a 1.5% agarose gel. M are molecular 
weight markers in kilobases. 



lisrupt the H 



4 illustrates rearrangements of 12ql5 in human ^ llp ui gsi Sg 
which disrupt tfte HMGI-C gene and produce chimeric transcript^-^JMGI-C 
denotes the nucleotide and amino acid sequence of the wil^typ^gene and the open 
box sequence corresponds to the end of HMCT*G-"Sxon 3. t(3;12) and t(12;15) 
refer to the nucleotide and predicte^afnmo acid sequences of the chimeric 
transcripts from the cloned cDJsIA^roducts obtained by 3' RACE on RNA isolated 
from primary cellprittires of ST93-724, t(3;12), and ST90-375, t(12;15), 
respectively 3 and Chr. 15 refer to the novel sequences derived from 

chromosefme 3 or 15 in t(3;12) and t(12;15) lipomas, respectively. Only the 



Figure 5 illustrates RT-PCR using primers located on either side of 
the fusion site between HMGI-C and novel sequences. RNA refers to the lipoma 
source of total RNA. Primer 375 is an oligonucleotide that is complementary to 




the novel sequence from the chimeric transcript of lipoma ST90-375 and is located 
8 nucleotides downstream of the fusion point. Primer 724 is a complementary 
oligonucleotide to the novel sequence from the chimeric transcript of lipoma ST93- 
724 and is located 425 nucleotides downstream of the fusion point. Total RNA 
from both lipoma primary cell cultures was reverse transcribed using either 375 or 
724 primers and PCR amplified using HMGI-C sense primer (which spans exons 1 
and 2) and the antisense primer used for reverse transcription. Expected product 
sizes are: 180 bp from ST90-375 cDNA with 375 primer and 597 bp from ST93- 
724 cDNA with 724 primer. 

and 6(B) illQSUattm ovel- sequences fu s ed - totfac DEM ? 
binding-domains of HMGI-C which encode transcriptional regulatory dpirtains. 
Figure 6(A) illustrates a comparison of the novel chromosome 3 spqdence from 
ST93-724 with the LIM domain-containing proteins, zyxin (JJadler et al., 1992), 
apterous (ap) (Cohen et al., 1992), Lh2 (Xu et al., m93^Linll (Freyd et al., 
1990), RBTN-1 (McGuire et al., 1989). Aminp^fcids that constitute the LIM 
domain consensus are highlighted. The aminp^cid spacing between the consensus 
residues is indicated by an x. In adjiifion to the totally conserved cysteine, 
histidine and aspartic acid residu^(Sadler et al., 1992), LIM domains are 
characterized by the presence o£iin aromatic residue adjacent to the first histidine 
and a leucine located C-Jefeiinal to the central HxxCxxCxxC cluster. The 
positions of these conse^ed residues are indicated by arrows. Each LIM domain is 
designated 1, 2 or/3 depending on its position relative to the N-terminus. The 
uninterrupted sequence of the two LIM domains in the various proteins are shown 
and gaps w^re introduced to permit alignment of the two LIM domains. 
Figure 60) illustrates the potential transactivation acidic domain encoded by the 
sequpilce derived from chromosome 15 in ST90-375. Acidic residues are 
jjMqarikim li ^iLl mcTmrinQj^iLh^iimtiiLL mid iibi mini. , lu ud&yaflfe bfop^ 

Figure 7 illustrates the structure and domain organization of HMGI- 
C and the predicted fusion proteins. The vertical dashed line shows the location of 
junction sites in the chimeric products. DNA binding domains of HMGI-C (AT) 
are preserved in the fusion proteins but the C-terminal domain (stippled) is replaced 
by potential transcriptional regulatory domains. LIM, LIM domain; (-), acidic 
domain; S,T, serine-threonine rich domain. 
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HMGI Proteins in Mammalian Growth and Development 

Figures 8(A) through (D) illustrate the identification and genomic 
characterization of the HMGI-C gene at the pygmy locus in normal and mutant 
alleles. Figure 8(A): Delineation of the overlapping deleted genomic regions at 
the pygmy locus in the spontaneous and transgenic insertional mouse mutants. The 
open box above clone 3 positions the 0.5kb Apal-Apal fragment and the filled 
boxes represent single copy sequences used as probes to analyze genomic DNA 
isolated from mice of varying genotypes (Xiang, X. et al., 1990). Solid and 
dashed lines represent presence or absence of genomic sequences, respectively, in 
the transgenic insertional mouse mutant pgTgN40ACha (^) and the spontaneous 
mutant pygmy (pg). Figure 8(B): Exon amplification from lambda clones 803 and 
5B. The primary PCR exon amplification products in both sense (+) and antisense 
(-) orientations from the lambda clones shown in Figure 8(A) were analyzed on a 
5% polyacrylamide gel (Buckler, A. et al., 1991). The 379bp PCR product 
observed in the control pSPLl lane results from splicing between the HIV tat and 
b-globin vector sequences (Buckler, A. et al., 1991). Figure 8(C): Sequence of 
exons amplified from clone 803 and comparison to the HMGI-C gene. Figure 
8(D): A series of overlapping phage clones extending approximately 190kb at the 
pygmy locus. The discontinuous region represents an unclonable llkb fragment as 
estimated from Southern blots of cleaved genomic DNA probed with single copy 
sequences from the end of the clonable region. The position and number of the 
HMGI-C exons (not drawn to scale) are shown above the wildtype locus. Single 
copy sequences were isolated at the indicated positions and are represented by filled 
boxes below the wildtype locus. Thick bars and blank regions represent the 
genomic sequences that are present or deleted in the two alleles. 

^ § j fethods. - Tlie 0.5kb Apal-Apdl fragment (Xiang ^X-^ 
was used as a probe to isolate clones 3 and 4 from an E^IBfc3Tnouse genomic 
library (a kind gift of Dr. E. Lacy) and a YA£^902dO711) from a mouse YAC 
library (Lehrach, H. et al., 1990). YAer^02CO711 was further subcloned into 
lambda FIX II (Ausubel, F^^ef^., 1988) and 86 clones that hybridized to 
radioactively-labeled metfse genomic DNA were picked and transferred to new 
plates in a gri^detfarray (Ausubel, F. et al., 1988). Lambda clones 802, 906, 5B, 
803 and^3(J8 were isolated after the walk was initiated with the 0.5kb Apal-Apal 
-feag^ja r-and ac c omplished by repeated hybiidualiuii-J iElfito 
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confirmed by a combination of clone to clone and clone to genomic hybridisations 
along with restriction mapping. Exon amplification was performed (Exon 
Trapping System, Gibco BRL) after the genomic inserts from the^i^nbda clones 
were removed by cleavage with Sail, partially filled-in (AusuJ>el; F. et al., 1988) 
and subcloned into a partially filled-in BamHl cleaved pSPiil plasmid (Buckler, A. 
et al., 1991). The DNA was electroporated into C0^7 cells at 180V and 960mF 
in a Bio-Rad Gene Pulser. Cytoplasmic RNA wa^isolated after 2-3 days and RT- 
PCR performed using primers supplied by ihefmanufacturer. The secondary PCR 
amplification products (Buckler, A. et aK^ 1991) from clones 803 and 5B were 
subcloned into the plasmid vector, pAMPIO (Exon Trapping System, Gibco BRL) 
and sequenced using the Sequena&e<Version 2.0 sequencing kit (USB) (Ausubel, F. 
et al. , 1988). A 344bp fragmem corresponding to the complete open reading frame 
of the HMGI-C gene (MarfRoletti, G. et al., 1991) was amplified from 12.5dpc 
mouse embryos (see tp^t) using reverse transcription (RT) and PCR. Lambda 
clones containing the HMGI-C exons were then isolated by hybridization of the 
344bp radioactiygjly-labeled fragment to the gridded array of lambda clones and 
subsequently amnected through chromosome walking. The RT-PCR conditions for 
isolation oy the 344bp fragment consisted of first strand cDNA synthesis with 
primer A (5 1 - ATG AATTCCT AATCCTCCTCTGC-3 ' ) , followed by PCR 
amplification with primers 1 and 2 (5 ' - ATGGATCC ATGAGCGC ACGCGGT-3 1 ) . 
POL conditions were 94°C, 0.5 minute; 55°C, 0.5 minute; 72°C, 1 minute; for 30 
cycles. The amplified product was confirmed by sequencing analysis (Ausubel, F. 

Figure 9 illustrates HMGI-C gene expression of three alleles at the 
mouse pygmy locus. The wildtype allele is represented by + , the transgenic allele 
pgTgN40ACha ^ ^ spontaneous mutant allele by pg and an allele at the 
pygmy locus which involves a paracentric inversion on chromosome 10 
(Jn(10)17Rk) by Rk. 

Methods. The genotypes were established for mice in line A and the 
spontaneous mutant pg as previously described (Xiang, X. et al., 1990), while 
mice containing the In(10)17Rk inversion were detected by a PCR-based RFLP 
(unpublished results). RNA was isolated from 12.5dpc embryos and equal amounts 
(5mg) were analyzed by Northern blot hybridization (Ausubel, F. et al., 1988). 
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The probes were a 138bp nucleotide cDNA fragment encompassing exons 2 and 3 
of the HMGI-C gene and a 340bp cDNA fragment containing the complete coding 
sequence of the HMGI(Y) gene (Johnson, K. et al, 1988). The blot was 
subsequently hybridized to an oligonucleotide complementary to murine 28S 
ribosomal RNA (Barbu, V. & Dautry, F., 1989) to ensure equal amounts of RNA 
were present in each lane and the results are shown in the lower panel. 

Figures 10(A) through(C) illustrate targeted disruption of the HMGI- 
C gene. Figure 10(A): Targeting strategy. Endogenous HMGI-C gene (top), 
targeting vector (middle) and predicted mutant gene (bottom). The targeting vector 
was created by replacing the 3kb DNA fragment containing exonl (El) and exon2 
(E2) with a PGK-neo cassette. The vector also includes a MCl-tk cassette at the 5 1 
end of the long homologous segment. B, BamHI; Probe, a 4kb Hindi fragment 
used to identify the disrupted allele. Figure 10(B): Southern blot analysis of mice 
from a heterozygous cross. DNA from tails of the mice was digested with BamHI 
and hybridized to the external probe (see Figure 10(A)). The positions of the 
bands corresponding to the wildtype allele (10.5kb) and the mutant allele (9.3kb) 
are indicated. Figure 10(C): Western blot analysis of wildtype (+/+), 
heterozygous (+/-) and homozygous (-/-) 12.5dpc embryos with anti-GST-HMGI- 
C rabbit IgG. 

Methods. Genomic clones of the mouse HMGI-C gene were 
isolated from the mouse pygmy locus as described in Figure 8 legend. Linearized 
vector (lOmg) was electroporated into AB1 ES cells at 280V, 500mF, and 
homologous recombination events enriched for by selection with G418 (350mg/ml) 
and 2mM gangcyclovir (Syntex) on SNL76/7 feeder cells. Six targeted clones 
were obtained and three were injected into C57BL/6J blastocysts to generate 
chimaeras. Chimaeric males were mated to C57BL/6J females, and heterozygous 
offspring intercrossed to produce subsequent generations. Southern blot analysis of 
the progeny from heterozygous crosses was performed as described (Ausubel, F. et 
al., 1988) Proteins were extracted from 12.5 dpc mouse embryos from a 
heterozygous cross with lysis buffer containing 50mM Tris-HCl (pH 7.5), 10% 
glycerol, 5mM magnesium acetate, 0.2mM EDTA, l.OmM PMSF, and 1% SDS. 
lOmg of each sample was separated by 15% SDS-PAGE, transferred to a nylon 
membrane (Duralon, Stratagene) and HMGI-C was detected using rabbit IgG anti- 
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mouse GST-HMGI-C, HRP-conjugated goat anti-rabbit IgG and ECL substrate 
(Amersham). 

Figures 11(A) through (C) illustrate expression of HMGI-C in 
5 development and growth. Figure 11(A): Temporal expression pattern of HMGI-C 
and HMGI(Y) determined by Northern blot analysis of RNA (5mg) isolated from 
the head (H) and body (B) of mouse embryos whose ages in days post coitum are 
indicated at the top of the panel. No expression of HMGI-C was detected in 
placenta at any of these stages (data not shown). The probes are described in the 
10 legend of Figure 9. Figure 11(B): Spatial localization of HMGI-C transcripts in 
ll.Sdpc mouse embryos. Photomicrographs of 8 mm, adjacent, parasaggital 
sections through ll.Sdpc mouse embryos hybridized with the antisense (A) or 
q sense (B) strand of exon 2 and 3 of HMGI-C or stained histochemically with 

haematoxylin and eosin (C). G, gut mesenchyme; H, heart; L, liver; Lb, limb 

03 

is bud; M, mandible; N, median nasal process; NE, neural epithelium; O, otocyst. 
fU Magnification: 25X. Figure 11(C): Growth of wildtype and pygmy embryonic 

^ fibroblasts. Fibroblasts derived from 13.5dpc embryos were seeded at a 

p concentration of 1.7 x 10° cells per cm2 in DMEM containing 10% fetal bovine 

* serum. Cell number (ordinate) was determined on day 4. Small bars represent 

Q 

m 2 0 standard deviations of triplicate experiments. P < 0.001. The genotypes of 

53 embryos were determined as previously described (Xiang, X. et al, 1990) 

M 

%J Methods. For in situ hybridization, CBA/J embryos (ll.Sdpc) were 

fixed in 4% paraformaldehyde, dehydrated and embedded in paraffin. Paraffin 
25 sections were deparaffinized and hybridized with sense and antisense riboprobes 
corresponding to exons 2 and 3 of HMGI-C as previously described (Duncan, M. 
et al., 1992). Sections were stained with haematoxylin and eosin according to 
standard procedures. 

3 0 Translocation Breakpoints Upstream of the HMGI-C Gene in Uterine 

Leiomyomata 

Fluorescence In Situ Hybridization (FISH) 
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Slides for FISH were prepared as recommended in the Hybridization 
Kit (Oncor, Gaithersburg, MD), except for denaturation at 68 °C for 30 seconds. 
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HMGI-C clones were in the lambda FIXII vector (Stratagene, La Jolla, CA). They 
were labeled with digoxigenin-l-dUTP (Boehringer Mannheim, Indianapolis, IN) 
with 1 fig of the appropriate lambda DNA, dNTPs from Boehringer Mannheim, 
and the DNasel/DNA polymerase mix from the BioNick Labeling System (BRL, 
5 Gaithersburg, MD). Labeling reactions were performed at 16°C for 2 hours. Five 
hundred nanograms of digoxigenin-labeled probe were lyophilized with 5 /xg of 
Cot-1 DNA (BRL) and resuspended in 20 fxl of deionized water. Two microliters 
of resuspended probe were added to 9 pi Hybrisol VI (Oncor). The probe was 
denatured, hybridized to slides, and washed according to standard protocols 
10 (Oncor). Digoxigenin-labeled lambda-clones were detected with fluorescein- 
labeled antidigoxigenin antibody (Oncor) according to the manufacturer's 
recommendations, and metaphase chromosomes were counterstained with 4,6- 
q diamidino-2-phenylindole-dihydrochloride (DAPI). Hybridization was observed 

CO with a Zeiss Axioskop microscope, and images were captured with the Cy to Vision 

^ 15 Imaging System (Applied Imaging, Pittsburgh, PA) 

Si 
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Inhibition of HMGI Biological Activity Using Antisense Oligonucleotides. 



Antisense oligonucleotides, in particular antisense oligonucleotides 
2 0 to the HMGI genes, can be used to inhibit HMGI biological activity. Such 
antisense oligonucleotides have a nucleotide sequence complementary to at least a 
portion of the mRNA transcript of the human HMGI genes and are hybridizable to 
4 the mRNA transcript. Preferably, the oligonucleotide is at least a 15-mer. More 

preferably, the oligonucleotide is a 15- to 21-mer. While oligonucleotides having 
25 a sequence complementary to any region of the human HMGI genes can be used, 
oligonucleotides complementary to a portion of the mRNA transcripts (i) including 
the translation initiation codon, and/or (ii) beginning with the second codon from 
the 5 1 end of the transcripts, are particularly preferred. 

oligo n ucle o tides — are-^- 
complementary *toJbe-human HMUl^C mRNA transcript beginning with the 
-tfg RSUllion initiation codon; 
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-y^GcereFe^ee g cgtgc gct cat^ 

5-CC CTC ACC GCG TGC GCTjBAT-3' 
5-C CTC ACC GCG TGCjBCT ^AT-3' 
5'- CTC ACC GCGJXGC GCT CAT-3' 
5 -TC ACC^Gt^G TGC GCT CAT-3 1 
5-C ^(XGCG TGC GCT CAT-3' 
f ^ACC GCG TGC GCT CAT 3 1 — 



^( ^milaily, the foll o w i ng 15 Uiiuugh 21-xn er oligonucleotides 
complementary to the human HMGI(Y) mRNA transcript begMffihST^vith the 
translation initiation codon: 



5'CTT CGA GCT CGAPTC ACT CAT-3 1 
5 -TT CGA GCT CG^CTC ACT CAT-3* 
5-T CGA Gp^fCGA CTC ACT CAT-3 1 
5'- CGAXjCT CGA CTC ACT CAT-3 1 
5 -GA GCT CGA CTC ACT CAT-3' 
-A GCT CGA CTC ACT CAT-3' 

jCT^eeAre rc act CA T-y- 



Such oligonucleotides are most advantageously prepared by using 
any of the commercially available, automated nucleic acid synthesizers such as the 
Applied Biosy stems 380B DNA Synthesizer. Since the complete nucleotide 
sequences of DNAs complementary to HMGI transcripts are known, antisense 
oligonucleotides hybridizable with any portion of the mRNA transcript may be 
prepared by the oligonucleotide synthesis methods known to those skilled in the art. 



For in vivo use, the antisense oligonucleotides may be combined 
with a conventional pharmaceutical carrier, such as distilled water, physiological 
saline, aqueous solution of dextrose and the like. In addition to administration with 
conventional carriers, the antisense oligonucleotides may be administered by a 
variety of specialized oligonucleotide delivery techniques. For example, 
oligonucleotides can be encapsulated in unilamellar liposomes or in reconstituted 
Sendai virus envelopes. 
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For in vivo use, the antisense oligonucleotides may be administered 
intravenously in a therapeutically effective amount sufficient to result in 
extracellular concentrations of 10 to 100 mg/ml. The precise dosage amount and 
the duration of administration of the antisense oligonucleotide for the purposes of 
the present invention will depend upon exigencies of the medical situation and the 
judgment of the physician carrying out the treatment in accordance with the 
conventional practice among medical or veterinary professionals. The effective 
amount of the antisense oligonucleotide will depend upon such factors as the age, 
weight and condition of the subject as well as the frequency of administration and 
the manner in which the subject responds to treatment. Greater or lesser amounts 
of oligonucleotide may be administered, as required. 

In regulating the amount of carcass fat in farm animals, the effective 
amount of the antisense oligonucleotide will depend upon such factors as the age 
and weight of the animal and degree of reduction of the carcass fat desired and can 
be determined in accordance with conventional methods. 

Inhibition of HMGI biological activity using small molecules. 

As architectural components of the enhanceosome, a higher order 
transcription enhancer complex that forms when several distinct transcription 
factors assemble on DNA in a stereospecific manner, HMGI proteins function to 
regulate the expression of downstream target genes. Disruption of the 
enhanceosome assembly, by interfering either with protein-DNA or protein-protein 
interactions of HMGI proteins results in loss of transcriptional regulation. Small 
molecule drugs which interfere with the function of HMGI proteins as architectural 
factors can therefore be used to regulate growth and development of adipose tissue. 

One method for inhibiting HMGI biological activity can inhibit 
HMGI DNA-binding function by small molecule drugs which have the same DNA- 
binding specificity as HMGI proteins. Examples of such small molecules include 
netropsin, distamycin A and Hoechst 33258 (bisbenzimide), which are 
commercially available, for example, from Sigma. These molecules have been 
shown to compete with the HMGI proteins for binding to AT-rich DNA (Reeves 
and Nissen, 1990) suggesting that they possess a structure similar to the HMGI 
DNA-binding domains and will be able to inhibit HMGI biological function. 
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The aforementioned small molecules can be administered orally, 
subcutaneously or intravenously to an organism in which regulation of an amount 
of adipose tissue is needed in an amount sufficient to result in inhibition in whole 
or in part of the biological activity of HMGI proteins. The precise dosage amount 
and the duration of administration of the HMGI inhibitor for the purposes of the 
present invention will depend upon exigencies of the medical situation and the 
judgment of the physician carrying out the treatment in accordance with the 
conventional practice among medical or veterinary professionals. The effective 
amount of the inhibitor will depend upon such factors as the age, weight and 
condition of the subject as well as the frequency of administration and the manner 
in which the subject responds to treatment. Greater or lesser amounts of the 
inhibitor may be administered, as required. 

Assays For Isolation of Small Molecules Which Inhibit Biological Activity of 
HMGI Proteins 

Additional small mol e cule drugs which bind to HMGI protcino 
directly may be obtained by methods known to those skilled in the^a#r"*~For 
example, HMGI protein or their fragments may be immobilized'on scintillating 
plates and a library of various radiolabeled compoupds^can be screened against the 
plate using high-throughput screening equipment available commercially from, for 
example, Hewlett-Packard. Bincjiagof a compound to an immobilized HMGI 
protein or its fragment wilj^sult in increased scintillation counts. Specific areas 
of HMGI proteins whiCn present attractive targets are, for example, HMGI DNA- 
binding domajagwith a consensus sequence TPKRPRGRPKK (Reeves and Nissen, 
1990) ojytfie sequence PRGRPKGSKNK, implicated in protein-protein interactions 
4Q3g^^^ji MGI .p r o t eins (Logcr r*t al 

Alternatively, a cell-based assay can be used to isolate small 
molecules which bind to HMGI proteins or their fragments. In this assay, a DNA 
construct containing a reporter gene such as luciferase gene under control of a 
HMGI-regulated promoter such as human interferon-6 promoter (Thanos and 
Maniatis, 1992) is transfected into a cell line which expresses proteins required for 
induction of human interferon-B gene, i.e., NF-kb, ATF-2 and an HMGI genes. A 
library of various compounds is then screened using this cell-based assay and 
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molecules that inhibit HMGI biological activity are isolated based on their ability to 
decrease the expression of the reporter gene. 

Throughout this application, various publications have been 
5 referenced. The disclosures in these publications are incorporated herein by 
reference in order to more fully describe the state of the art. 
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While the invention has been particularly described in terms of 
specific embodiments, those skilled in the art will understand in view of the present 
disclosure that numerous variations and modifications upon the invention are now 
enabled, which variations and modifications are not to be regarded as a departure 
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